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ABSTRACT 
The importance and scope of organoborate chemistry has 
grown considerably in recent years due to their many 
industrial applications. The metal complexes of indolesf 
thiophenol and bismuthiol have received a greater attention 
in the last two decades largely because of their biological 
activity. 
The area of poly organoborate chemistry emerged only 
about two decade ago by the pioneering work of Trofimenko 
v/ho established a series of novel poly (1-pyrazolyl )boratGS. 
The parent compound and a series of their metal derivatives 
exhibited surprisingly high heterolytic and oxidative 
stability. 
The synthesis of an analogous series of poly{indolyl), 
poly ( 2-methylindolyl) , poly ( 5-nitroindolyl), poly(tliicphenolyl), 
bis(bismuthiol-I-yl) and bis(catecholyl) borates have been 
studied under this project. Studies on the ligating 
behaviour of these organoborates towards a number of 
transition metals have also been undertaken. 
The displacement and substitution of tv70, three or 
four hydrogen atoms of potassium borohydride by indole, 
2-methylindole, 5-nitroindole, thiophenol, bismuthiol I and 
catechol in DME' corresponds to the formation of a series of 
dihydrobis-, hydrotris- and tetrakis- (indolyl). 
Xll 
(2-methYlindolyl), (5-nitroindolyl), (thiophenolyl), 
bis(bismuthiol-T-yl) and bis(catecholyl) borate anions. The 
completion of the above reactions has been ascertained by 
the evolution of the corresponding moles of hydrogen gas. 
It has been found that the extent of substitution depends 
upon the stoichiometric ratio of the reactants and the 
reaction time. 
These ligands have been found to be uninegative and 
bidentate and their composition has been established by 
elemental analysis. The disappearance of -i^ N-H, j;s-H and 
-pO-li bands and subsequent appearance of new B-N, B-S and B-0 
peaks in the infrared spectra of the product suggests the 
replacement of hydrogen atom of the indole, 2-methylindole, 
5-nitroindole, thiophenol, bismuthiol I, and catechol. The 
observed B-H doublet for dihydrobis, a B-H singlet for 
hydrotris and non appearance of the B-H peak for tetrakis 
salts show the presence respectively of two, one and no 
hydrogen atom(s) attached to boron. Anionic ligands of this 
type are notable for their ability to form complexes with 
several metal ions. 
Three new ligands, potassium dihydrobis-, hydrotris-
and tetrakis(indolyl) borates and their complexes with 
Cr(lII), Mn{II), Fe(III), Co(II), Ni(II), Cu(II) and Zn(II) 
have been synthesized. The divalent and trivalent metal 
ions form complexes in 1:1 and 1:2 (metal: 1 igand) ratios, 
respectively. They were characterized by elemental analysis 
IV 
magnetic susceptibility measurements and electronic and 
infrared spectral studies. On the basis of these studies 
Cr(III) and Fe(III) complexes with dihydrobis- and 
hydrotris(indolyl) borates appear to be octahedral. The 
divalent metal ions are supposed to have tetrahedral 
geometry excepting the Cu(II) for which a square planar 
structure is proposed. The tetrakis(indolyl)borate yielded 
octahedral complexes with all the above metal ions. The 
ligand field parameters lODq, B and yS have also been 
evaluated in some cases. The magnitude of the nephelauxetic 
parameter '^ ' indicate a low degree of covalency in these 
complexes. It has been observed that the magnetic moment 
data for the complexes of hydrotris ligand were in some 
cases lower than the expected value and this has been 
attributed to the non-dilute nature of these ccmplexes. 
A series of anionic ligands namely, dihydrobis-, 
hydrotris- and tetrakis(2-methylindolyl) borates and their 
complexes v/ith several first rov; transition metals have been 
synthesized. Divalent and trivalent metal ions form 
complexes in 1:1 and 1:2 (metal:ligand) ratios, 
respectively. An octahedral structure has been suggested 
for Cr(TIl) and Fe(III) complexes whereas the Cu(II) complex 
is believed Lo be square planar for dihydrobis- and 
hydrotris(2-mcLhylindolyl) borates. A tetrahedral geometry 
is proposed for the Mn(II), Co(II) and Ni{II) ccmplexes with 
the above ligands. All complexes of tetrakis (2-methylindolyl) 
borate are octahedral except for Cu(II) w^ich seems to have 
a square planar geometry. The parameters lODq, B and B for 
these complexes have been calculated. By canparison of the 
ligand field parameters, it has been indicated that the 
poly(indolyl)boratos behaves as a stronger coordinating 
ligands than their methyl substituted analogue. The lower 
value of Dq and high value of B in Co (I I) and Ni(II) 
complexes is indicative of a comparatively weak metal-ligand 
bonding presumably because of noma steric hinderance offered 
by the CH, group. 
A number of metal complexes incorporating dihydrobis-, 
hydrotris- and tetrakis(5-nitroindolyl) borate anions have 
also been synthesized. The dihydrobis- and 
hydrotris(5-nitroindolyl) botrates complexes of Cr(III) and 
Fe(III) probably have octahedral chelate structure while 
that of Cu(II) is a square planar. All the complexes of 
tetrakis (5-nitroindolyl )borate appear to have octahedral 
structure except for the Cu(II) \/hich is square planar. The 
ligand field parameters lODq, B and B values have been 
calculated wherever possible with the help of Tanabe-Sugano 
diagrams. 
The three potential chelating ligands potassium 
dihydrobis-, hydrotris- and tetrakis(thiophenolyl) borates 
and their chelates with Cr(III), Mn(ll), Fe(III), Co(II), 
Ni(Il) and Cu{II) have been synthesized. The divalent and 
trivalent metal ions form complexes in 1:2 and 1:3 
VI 
(raetalrligand) ratios, respectively. The number of 
coordinated ligands correspond to the number of anions 
replaced in the metal salts. The conpounds were 
characterized by elemental analysis, infrared spectre;. 
magnetic suscepfiibility measurements and electronic spectral 
studies. The dihydrobis- and hydrotris(tbiophenolyl) 
borates complexes of Mn(II), Co (I I) and Ni(II) \;ere 
tetrahedral geometry and that of Cu(II) was found to be 
square planar. The Cr(III) and Fe(III) complexes have been 
proposed to have an octahedral geometry. The tetrakis 
(thiophenolyl )borate yielded octahedral canplexes v/ith all 
the metal ions except for Cu(II) which is square planar. 
Ligand field parameters lODq, B and y6 have also been 
calculated in fev/ cases. The 'y8' value in these cases falls 
below unity, demonstrating a low degree of covalency and the 
ligands may be placed in the vicinity of ethylenediamine in 
the nephelauxetic series. 
Complexes of the type ML (where n=2,3 and M=Cr(III), 
Mn(II), Fe(III), Co(II), Ni(ll), Cu(II) and Zn(II) with 
potassium bis(bismuthiol-I-yl)borate have been synthesized 
by refluxing a mixture of potassium tetrahydroborate and 
bismuthiol I in DMF in a 1:2 stoichiometric ratio. The 
complexes are formed in 1:2 and 1:3 (metal:ligand) ratios, 
respectively for divalent and trivalent metal ions. On the 
basis of magnetic moment and electronic spectral data 
octahedral geometry is proposed for Cr(III) and Fe(III) 
Vll 
complexes. A square planar structure has been proposed for 
Mn(ll), Co(II), Ni(II) and Cu(II) conplexes. The ligand 
field parameters lODq, B and B calculated for Cr(III) and 
Fe(III) indicate that the ligand may be placed between EDTA 
and H^O in the nephelauxetic series. 
Yet another series of 1:1 complexes of potassium 
bis(catecholyl) spiroborate with MnCl„, CoCl„, NiCl„, CuCl„, 
ZnCl^ and 1:2 complexes with CrCl-, and FeC 1-, have been 
prepared. They are thermally stable but insoluble in 
organic solvents. On the basis of spectroscopic results and 
magnetic moments Cr(III) and Fe(III) complexes have been 
proposed to be octahedral and Cu(II) ccmplex seems to be 
square planar. A tetrahedral geometry is suggested for the 
Mn(II), Co(II) and Ni(II) complexes. The ligand field 
parameters lODq, B and B values have also been calculated in 
some cases. The value of '^' however, indicates that the 
covalent character of metal-ligand bond is low. 
The borate complexes are unusually stable to air and 
water. The insolubility of all these complexes in common 
organic solvents and high decomposition tanperature suggest 
polymerization. 
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ABSTRACT 
The importance and scope of organoborate chemistry has 
grown considerably in recent years due to their many 
industrial applications. The metal complexes of indoles,-
thiophenol and bismuthiol have received a greater attention 
in the last two decades largely because of their biological 
activity. 
The area of poly organoborate chemistry emerged only 
about two decade ago by the pioneering work of Trofimenko 
who established a series of novel poly(1-pyrazolyl)boratcs. 
The parent compound and a series of their metal derivatives 
exhibited surprisingly high heterolytic and oxidative 
stability. 
The synthesis of an analogous series of poly{indolyl), 
poly ( 2-methylindolyl) , poly ( 5-nitroindolyl), £>oly(tl-iicphenolyl), 
bis(bismuthiol-I-yl) and bis(catecholyl) borates have been 
studied under this project. Studies on the ligating 
behaviour of these organoborates towards a number of 
transition metals have also been undertaken. 
The displacement and substitution of tv;o, three or 
four hydrogen atoms of potassium borohydride by indole, 
2-methylindole, 5-nitroindole, thiophenol, bismuthiol I and 
catechol in DMF corresponds to the formation of a series of 
dihydrobis-, hydrotris- and tetrakis- (indolyl), 
Ill 
(2-methylindolyl), (5-nitroindolyl), (thiophenolyl), 
bis(bismuthiol-I-yl) and bis(catecholyl) borate anions. The 
completion of the above reactions has been ascertained by 
the evolution of the corresponding moles of hydrogen gas. 
It has been found that the extent of substitution depends 
upon the stoichiometric ratio of the react ants and the 
reaction time. 
These ligands have been found to be uninegative and 
bidentate and their composition has been established by 
elemental analysis. The disappearance of -pN-H, i;S-H ana 
VO-H bands and subsequent appearance of new B-N, B-S and B-C 
peaks in the infrared spectra of the product suggests the 
replacement of hydrogen atom of the indole, 2-methylindole, 
5-nitroindole, thiophenol, bismuthiol I, and catechol. The 
observed B-H doublet for dihydrobis, a B-H singlet for 
hydrotris and non appearance of the B-H peak for tetrakis 
salts show the presence respectively of two, one and no 
hydrogen atom(s) attached to boron. Anionic ligands of this 
type are notable for their ability to form complexes with 
several metal ions. 
Three new ligands, potassium dihydrobis-, hydrotris-
and tetrakis(indolyl) borates and their complexes with 
Cr(III), Mn(II), Fe(lII), Co(II), Ni(II), Cu(II) and Zn(II) 
have been synthesized. The divalent and trivalent metal 
ions form complex-s in 1:1 and 1:2 (metal: 1 igand) ratios, 
respectively. They were characterized by elemental analysis. 
IV 
magnetic susceptibility measurements and electronic and 
infrared spectral studies. On the basis of these studies 
Cr(III) and Fe(III) complexes with dihydrobis- and 
hydrotris(indolyl) borates appear to be octahedral. The 
divalent metal ions are supposed to have tetrahedral 
geometry excepting the Cu(II) for which a square planar 
structure is proposed. The tetrakis(indolyl)borate yielded 
octahedral complexes with all the above metal ions. The 
ligand field parameters lODq, B and yS have also been 
evaluated in some cases. The magnitude of the nephelauxetic 
parameter '^ ' indicate a low degree of covalency in these 
complexes. It has been observed that the magnetic moment 
data for the complexes of hydrotris ligand were in some 
cases lower than the expected value and this has been 
attributed to the non-dilute nature of these ccraplexes. 
A series of anionic ligands namely, dihydrobis-, 
hydrotris- and tetrakis{2-methylindolyl) borates and their 
complexes v/ith several first rov/ transition metals have been 
synthesized. Divalent and trivalent metal ions form 
complexes in 1:1 and 1:2 (metal:ligand) ratios, 
respectively. An octahedral structure has been suggested 
for Cr(III) and Fe(III) complexes whereas the Cu(II) complex 
is believed to be square planar for dihydrobis- and 
hydrotris(2-methylindolyl) borates. A tetrahedral geometry 
is proposed for the Mn(II), Co(II) and Ni(ll) complexes with 
the above ligands. All complexes of tetrakis (2-methylindolyl) 
borate are octahedral except for Cu(II) \>^ icii seems to have 
a square planar geometry. The parameters lODq, B and B for 
these complexes have been calculated. By ccmparison of the 
ligand field parameters, it has been indicated that the 
poly (indolyl )borates behaves as a stronger coordinating 
ligands than their methyl substituted analogue. The lower 
value of Dq and high value of B in Co (I I) and Ni(II) 
complexes is indicative of a comparatively weak metal-ligand 
bonding presumably because of some steric hinderance offered 
by the CH-, group. 
A number of metal complexes incorporating dihydrobis-, 
hydrotris- and tetrakis(5-nitroindolyl) borate anions have 
also been synthesized. The dihydrobis- and 
hydrotris(5-nitroindolyl) botrates complexes of Cr(III) and 
Fe(III) probably have octahedral chelate structure while 
that of Cu(II) is a square planar. All the complexes of 
tetrakis (5-nitroindolyl )borate appear to have octahedral 
structure except for the Cu(II) which is square planar. The 
ligand field parameters lODq, B and B values have been 
calculated wherever possible with the help of Tanabe-Sugano 
diagrams. 
The three potential chelating ligands potassium 
dihydrobis-, hydrotris- and tetrakis(thiophenolyl) borates 
and their chelates with Cr{III), Mn(II), Fe(III), Co(II), 
Ni(II) and Cu(II) have been synthesized. The divalent and 
trivalent metal ions form complexes in 1:2 and 1:3 
VI 
(metal:ligand) ratios, respectively. The number of 
coordinated ligands correspond to the number of anions 
replaced in the metal salts. The compounds were 
characterized by elemental analysis, infrared spectr: 
magnetic susceptibility measurements and electronic spectral 
studies. The dihydrobis- and hydrox: ris (thiophenolyl) 
borates complexes of Mn (II) , Co(II) and Ni(II) i/erc 
tetrahedral geometry and that of Cu(II) was found to be 
square planar. The Cr(III) and Fe(III) complexes have been 
proposed to have an octahedral geometry. The tetrakis 
(thiophenolyl)borate yielded octahedral complexes with all 
the metal ions except for Cu(II) which is square planar. 
Ligand field parameters lODq, B and 6^ have also been 
calculated in fev; cases. The 'y3' value in these cases falls 
below unity, demonstrating a low degree of covalency and the 
ligands may be placed in the vicinity of ethylenediamine m 
the nephelauxetic series. 
Complexes of the type ML (where n=2,3 and M=Cr(III) , 
Mn(II), Fe(III), Co(II), Ni(II), Cu(II) and Zn(II) \;ith 
potassium bis(bismuthiol-I-yl)borate have been synthesized 
by refluxing a mixture of potassium tetrahydroborate and 
bismuthiol I in DMF in a 1:2 stoichiometric ratio. The 
complexes are formed in 1:2 and 1:3 (metal:ligand) ratios, 
respectively for divalent and trivalent metal ions. On the 
basis of magnetic moment and electronic spectral data 
octahedral geometry is proposed for Cr(III) and Fe(III) 
Vll 
complexes. A square planar structure has been proposed for 
rindl), Co(II), Ni(ll) and Cu(II) ccnplexes. The ligand 
field parameters lODq, B and B calculated for Cr(III) and 
Fe(III) indicate that the ligand may be placed betv/een EDTA 
and H^O m the nephelauxetic series. 
Yet another series of 1:1 complexes of potassiun 
bis(catecholyl) spiroborate with MnClp, CoCl^, NiCl„, CuCl„, 
ZnClp and 1:2 complexes with CrCl^ and FeCl^ have been 
prepared. They are thermally stable but insoluble in 
organic solvents. On the basis of spectrosecpic results and 
magnetic moments Cr(III) and Fe(III) complexes have beer 
proposed to be octahedral and Cu(ll) complex seems to be 
square planar. A tetrahedral geometry is suggested for the 
Mn(II), Co(ll) and Ni(II) complexes. The ligand field 
parameters lODq, B and B values have also been calculated m 
some cases. The value of '^ ' however, indicates that the 
covalent character of metal-ligand bond is lov/. 
The borate complexes are unusually stable to air and 
water. The insolubility of all these complexes m common 
organic solvents and high decomposition tonperature suggest 
polymerization. 
C H A P T E R - I 
I N T R O D U C T I O N 
INTRODUCTION 
Boron-nitrogen compounds are known since 1809 v/hen 
Gay-Lussac synthesized an adduct of ammonia and boron 
trifluoride, H^N-BF-, (1). The properties of this conpound 
v/ere investigated by Kraus et al (2) and by Laubengayer (3). 
The chemistry of the B-N bonded compounds experienced rapid 
development over the past two decades \/hen a number of sucli 
compounds were synthesized and their properties 
studied (4-7). A great deal of information appeared in 1964 
when 32 papers presented at a conference on boron-nitrogen 
chemistry were published in one volume (8). A further spate 
of research activity in this area during the past decade 
resulted in an exponential growth of publications of 
research articles, reviews (9-12) and books (13,14) on 
different aspects of boron-nitrogen chemistry. 
Boron heterocycles that first came to light in 196 6, 
with Trofimenko's discovery of poly(1-pyrazolyl)borates (15) 
form a nev/ class of chelating ligands. A number of 
transition metal complexes incorporating pyrazolyl and 
substituted pyrazolyl borate ligands have since been 
reported (16-19). 
The synthesis and physico-chemical studies of salts, 
acids and coordination complexes derived from uninegativs 
ligand of general formulae [K B(Pz). ], v/here n=0, 1 or 2 
and 'Pz' stands for pyrazolyl residue, have been 
reported (2 0) . It has been shown that v;hen n=2, the ligaiid 
is bidentate, while n=3 gives the tridentate ligand with 
CT symmetry. 
The dihydrobis(1-pyrazolyl)borate anion forms chelates 
\/ith divalent first ro\; transition metal ions. The 
isomorphous Ni(II) and Cu(II) chelates have been assigned 
square planar geometry whereas the chelates of Mn(II), 
Co(II) and Zn(II) have been suggested to be octahedral (21). 
The hydrotris(1-pyrazolyl)borate anion, HEPz" is 
unique in being the only knovm trigonal ly tridentate 
uninegative ligand. It's complexes v/ith Mn (I I) , Fe(II), 
Co(II), Ni(II) and Cu(Il) ions v/ere assigned octahedral 
geometry (22). A cross over betv/een high spin and lo\/ spin 
states has been observed in Fe(HBPz_)-. 
The tetrakis(1-pyrazolyl)borate anion, 3Pz~ in terms 
of coordination ability, has shown to be merely a 
substituted variant of hydrotris(1-pyrazolyl)borate. These 
complexes are however, thermally more stable and have 
somewhat lov/er solubility than the corresponding hydrotris 
complexes. The BPz- can also act as a tetradentate donor 
group v/hen a pair of N-termini are bridged by appropriate 
four coordinate species. Like the hydrotris ligand it 
yields half sandwich compounds (22,23). 
The anionic pyrazolyl derivatives of aluminiura and 
gallium as chelating ligands and a wide range of their 
complexes have been isolated and characterized (24-28). The 
nickel complex of gallate ligand is reported to be a non 
rigid square planar nolecule. Minghetti and co-v/orkers (29) 
have synthesized platinum pyrazolide complex. "^he 
heteropolymetallie systems involving transition metals hcvo 
given rise to a series of very interesting and novel 
compounds (30-33). Tho kinetics eind mechanism of the 
hydrolysis of phenyl(pyrrolyl-1)borato, hydro(pyrrolyl~l) 
borate and cyano(pyrrolyl-l)borate has also been reported 
recently (34,35). 
King and Bond (36) have studied the reactions of 
perfluoroalkyl metal carbonyl halide with poly(1-pyrazolyl) 
borates. The solubility products of its transition metal 
complexes have been determined (37). Enthalpies of 
chelation for bivalent metal ions v/ith poly (1-pyrazolyl) 
borates in water and acetonitrile have also been 
measured (38). A comparative study on the coordination 
behaviour of poly(1-pyrazolyl)borate and its neutral carbon 
analogue has also been done (39). Recently, Mini and 
co-v;orkers have reported (40), the synthesis of V(II) and 
Cr(II) complexes with poly(1-pyrazolyl) methane. Also 
synthesis and characterization of Nb(V) and Nb(VI) 
poly (1-pyrazolyl )borates has recently been reported (27). 
The investigations on poly(l~pyrazolyl)borates have 
been further extended towards the synthesis of dihydrobis-, 
hydrotris- and tetrakis ligands by using indazoles and 
thiazoles by Zaidi and co-workers (41-46). Octahedral 
complexes of the type K[HBI Z-,]^ with several transition 
metals have been synthesized. The Cu(II) complex has been 
assigned a square planar geometry. The tetrakis(indazolyl) 
borate complexes of Cu(II), Ni(II), Co(I I), Mn(II) and 
Fe(III) ions resemble their hydrotris analogue (46) A 
series of analogous ligands using 5-, 6-, nitroindazoles 
have been synthesized and their coordinating properties 
discussed (44,45). The nitro group of the indazole in 
nitroindazolyl borate remains uncoordinated. 
Recent v/ork in these laboratories has led to the 
synthesis of poly(imidazolyl)borate anions and a number of 
their complexes with various metal ions (47-50). The 
dihydrobis(imidazolyl)borate complexes with Mn(II) Co(IT). 
Ni(II), Cr(III) and Fe(III) give rise to octahedral geometry 
while those of Zn(II), Cd(II) and Hg(II) are apparently 
tetrahedral and Cu(II) has a square planar geometry. 
The hydrotris (imidazolyl) borate anion [HBIz-^]~ yielded 
a number of complexes with Cr(III). Mn(ll), Fe(III), Co(11) 
and Ni(II) v/hich have presumably an octahedral structure 
v/hile Cu(II) chelate is square planar. 
similarly the complexes of tetrakis(imidazolyl)borate 
anion, [Biz ]" v;ith Mn(II), Fe(lII), Co(II) and Ni(II) are 
octahedral while that of Cu(II) have square planar 
geometry. 
The chemistry of indole had its beginning in the 
preparation of dyes and thus for a number of years was 
intimately associated with it. Today the scope of indole 
chemistry is indeed multifarious extending from rather 
simple parent indoles through condensed syston such as 
carbazole. oxygenated indole derivatives, to highly 
complexed naturally occurring materials. 
Indole derivatives and their metal chelates have 
attracted special attention due to their activities against 
tumour growth (51)^ skin diseases (52) and as 
antiinflammatory agent in bone fracture repair in rates (53) 
and in many metabolic disorders in urine (54). 
The biological activity pattern of the five 
unsubstituted indole-l--glucosides 4,-3-substituted 
l-.^-D-glycopyranosyl indole and substituted indole l-oC--L 
arabinosides and 6-nitroindole glycosides were compared for 
cytotoxic effects on monolayer cultures of human ovarian 
carcinoma cell line. The indole l-af-L-arabinosides has the 
greatest cytotoxic effect, the most active compounds being 
l--o<--L-arabinopyranosyl-5-nitroindole (5 5) . 
Indole and its analogues have chlorophyll dependent 
oxidation in triton x-100 solubilized chloroplasts showed 
high rates of light dependent oxygen uptake when indole 
acetic acid was present« The chlorophyll dependent 
oxidation of various indoles and other non indolic analogues 
in indole acetic acid has also been tested. Indole acetic 
acid and other carboxylated indoles showed high rates of 
oxidation v/hereas oxidation of indole without a free 
carboxyl group was slow (56). 
The complexes of indole with several transition metals 
have been reported to have significant biological 
properties. The copper complex exhibits corrosion 
inhibiting properties. A 0.1 N acetic acid and chloro, 
dichloro and trichloro acetic acid. 2-methylbenzothiazole 
and indole mixture can be used as corrosion inhibitor of 
copper. The stability constants of the complexes were 
potentiometrically determined to show that the inhibition 
efficiency increases with an increase in the stability 
constant and also the basic strength of the ligand (57). 
Over the past three decades there has been a 
phenomenal increase in the study of the chemistry of 
transition metal complexes containing sulphur ligands. 
There are a number of reasons for this, the major one being 
the revitalization of the chemistry of the unsaturated 
sulphur donor chelates. Livingstone and Jorgenson (58,59), 
Gray (60) ricCleverty and Schrauzer (61f62) have dealt with 
the chemistry of 1,-2-dithiolene complexes in great depth. 
Dithiochelate chemistry has attained importance due to its 
application as model complexes which mimic the biological 
system. 
The 1,2-dithiolene complexes were first reported m 
the 1930s in the analytical studies of Clark and co-\7orkors, 
v/ho used toluene-3 ^  4-dithiol and chlorobenzene-3,4-dithiol 
as reagents for zinc, cadmium, mercury and tin (63.64) It 
was not until the late fifties and the early sixties that 
the interest in 1.2-dithiol ligands moved most markedly fron 
their analytical uses to their coordination chemistry. 
A number of interesting and novel dithiolene ligand 
system have been developed recently (65-67) of these, the 
dimercapto dithiolene is of interest, as it has a potential 
for forming mixed 1.1- and 1.2-dithiolate polymeric 
complexes although only the 1,. 2-dithiolene metal complexes 
have been prepared (68). The ligand is obtained together 
v/ith Sc(SNa)^ by treating carbon disulfide with sodium in 
DMF. Benzylation of the ligand has also been carried out. 
The 2-benzimidazole thiol is also an industrially 
important compound. Certain metallic salts of 
2-benziraidazole thiol have been used as heat stabilizers for 
polyamides (59). It has been useful as an antioxidant for 
rubber. This compound has also been used as specific 
reagent in the dotcrmination of various metals. The lead 
complexes of 2-benzimidazole thiol is also used in makiny 
photoconductive layers in electrophotographic plates (70). 
Benzimidazoles are of great importance because of 
their applications in medicine and biology (71). These are 
useful as growth inhibitor of certain yeasts and bacteria, 
Vitamin B-, _ may be regarded as a derivative of 5,-6-dimethyI 
benzimidazole. Benimidazole has also been reported to 
inhibit the production of a variety of viruses in tissu;j 
cultures. Alkyl substituted benzimidazole in particular 
have shown to inhibit the multiplication of influenza virus. 
A variety of nitrogen and sulphur containing organic 
compounds have been used as ligands in the synthesis of 
various transition metal complexes (72,-73). Many nitrogen 
and sulphur containing organic compounds have found use m 
medicine, industry and biology (74,75). 
Bismuthiol, on the other hand is extensively used in 
paints. Tributyltinchloride compound of bismuthiol is used 
as a protective agent against the damage of ships by marine 
organisms (76). Its nickel compound is used as a catalytic 
agent in the manufacture of acrylic acids (7 7) . The Co(TI) 
Cu(II) and Zn(II) compounds have been used as 
bacteriocides (78). It is also used in the manufacture of 
tetracycline v;hich is low in chlorotetracycline (79). it 
has also been used to form mercury derivatives v/hich are 
interiaediates in the manufacture of pharmaceuticals and 
insecticides (80). 
In view of the biological and industrial applications 
of bismuthiol compounds it was of interest to undertake the 
synthesis and characterization of bis(bismuthiol-I-yl)borate 
and its complexes with a few transition metal ions. 
The reaction of boric acid or borate salts v/ith diols 
has directed chemists attention to examine stereochemical 
and structural problems of the diols and to evaluate the 
equilibrium constants for a number of diol-boric acid 
reactions (81-84). As (Scheme I) shows, the reaction systen 
frequently involves complicated equilibria between several 
types of compounds such as the cyclic ester [1] and ionized. 
Strongly acidic complexes in which one boron atom is 
associated with one [2] or tv70 [3] molecules of the 
diol (85,86). A type of compound [4] can also be formed 
directly from the diol and boric acid (87). In general, the 
use of excess amounts of boric acid gave [1] and [2],. 
whereas the use of excess amounts of diols gave [3] and [4] 
predominantly when boric acid and a diol are used in 
equimolar amounts under alkaline conditions very often [2] 
can be isolated in crystalline form from water, except for 
pinacol as a diol which gives a different 
compound [3] (88). 
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The first spiroborate complex was reported by Boeseken 
and co-workers (89) who synthesized potassium biscatechol 
spiroborate [6] by the reaction of catechol [5a] with 
potassium borate in v;ater (Scheme II), although they failed 
to get satisfactory elemental analyses. Later, Meulenhoff 
confirmed the structure by measuring rotatory polarization 
of some substituted biscatechol spiroborate (90). The free 
acid which is called Meulenhoff's free acid was reported to 
be obtained by sublimation of anilinium biscatechol 
spiroborate in vacuo (90). However, the structure of this 
free acid is still ambiguous the NMR and MS spectral 
analyses of both biscatechol spiroborate and its analogues 
are little known. Y.Okamoto and co-workers have reported 
nine spiroborate complexes and their NMR and MS spectroscopy 
and the characteristic spectra and fragmentation patterns 
are also discussed (91). 
It was, therefore, considered worthv/hile to synthesize 
potassium bis (catecholyl) spiroborate anion v/ith a view tc 
studying its nature and corrdinating behaviour tov;ards some 
transition metal ions. 
The pyrazaboles [=dimeric(1-pyrazolyl)boranes] are a 
chemically remarkably stable class of heterocycles 
containing four coordinate boron. Although various boron-
and/or carbon-substituted derivatives are known, so far no 
species containing boron-bonded OH or alkoxy groups have 
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been described. As a matter of fact, the only known 
pyrazaboles containing B-0 bonds are one phenol (9 2) and two 
catechol (93) derivatives. 
The reaction of B-triorganylboroxin s, (-BRO-)-,, with 
pyrazole, Hpz, has recently been found to yield a novel type 
of pyrazabole in which the two boron atoms of a pyrazabole 
skeleton, B(^-Pz)„B, are linked by a third bridging unit, 
i.e., 0-BR-O, as shown in fig. la. Subsequently, such 
species have been observed as products in various other 
reactions, suggesting that the framework of (Fig. la) is 
chemically quite stable. Since part of the original boroxin 
framework is preserved (Fig. la), it was assumed that other 
boron heterocycles should react with pyrazole in analogous 
fashion. However, the reaction of borazines, (-BRNR' -) . . ,-
with pyrazole unexpectedly led to (n-amido) (yu-pyrazolato) 
diboron species (Fig. lb), which are relatives of the 
pyrazaboles but do not feature the B„N. skeleton of a 
pyrazabole (94). 
The reaction of 4-phenyl-3,5-dimethyl-l,2,4,3,5-dithia 
azadiborolidine, CH^B(^-NCgH^) (yu-SS )BCH^ (Fig. Ic), with 
pyrazole proceeds quite readily with the elimination of 
aniline and formation of the triply bridged pyrazabole 
CE^{fjL-pz) ^(iJi-SS)BCU^ (Fig. Id) as shown in equation [1] has 
been studied recently (95). The latter compound is the 
first example of a triply bridged neutral pyrazabole. 
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EXPERIl'IENTTy. METHODS 
There are several physico-chemical methods available 
for the study of coordination compounds. A brief 
description of the techniques used in the investigation of 
the newly synthesized complexes described in the present 
work is given below 
1. Infrared Spectroscopy 
2. Magnetic Susceptibility Measurements 
3. Ultraviolet and Visible (Ligand Field) Spectroscopy 
4. Elemental Analysis 
Infrared Spectroscopy 
Infrared absorption spectra are commonly obtained by 
placing the sample in one beam of a double beam infrared 
spectrophotometer measuring the relative intensity of 
transmitted and therefore the absorbed light energy versus 
v/ave number when the infrared light of the same frequency is 
incident on the molecule, energy is absorbed and amplitude 
of that vibration is measured. When the molecule reverse 
from the excited state to the original ground state, the 
absorbed energy is released as heat. The occurrence or 
non-occurrence of an infrared radiation is governed by the 
following selection rules 
(i) In order for a molecule to absorb infrared radiation as 
vibrational excitation energy, there must be a change 
in the dipole moment of the molecule as it vibrate,!. 
(ii) In absorption of the radiation, only transition for 
which change in the vibrational energy level is AV=1 
can occur, since most of the transition will occur fro.M 
state V„ to V-, the frequency corresponding to thic 
energy is called the fundamental frequency. 
The frequency of certain groups of atoms is called 
group frequency. These frequencies are characteristic of 
the group irrespective of the nature of the molecule in 
which these groups are attached. The absence of any band in 
the appropriate region indicates the absence of that 
particular group in the molecule. 
The infrared radiation is usually said to have 
wavelength lying between 0.8yu to lOOOu. The wave number 
i.e. the number of waves per centimeter is used to 
characterize the radiation. 
In the following paragraphs, only those frequencic? 
which are pertinent to the discussion of the nev/ly 
synthesized compounds will be discussed. 
N-H Stretching Frequency 
The N-H stretching vibrations occur in the region 
3500-3300 cm (96) in dilute solution. The N-H stretchinc 
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band shifts to lower value in the solid state due to 
extensive hydrogen bonding. Primary amines in dilute 
solutions, in non polar solvents give two absorption bands 
in the above mentioned region, the first of which due to 
symmetric stretch is usually found near 3 50 0 cm and second 
which corresponds to asymmetrical modes is found near 
3400 cm . These bands are usually 125-150 cm apart. 
Secondary amines show only a single N-H stretching in dilute 
solutions. The intensity and frequency of N-H stretching 
vibrations of secondary amines are very sensitive to 
structural changes. The band is found in the range 
3350-3310 cm (low intensity) in aliphatic, secondary 
amines and near 3490 cm (much higher intensity) in 
heterocyclic secondary amines such as pyrrole and indole. 
B-H Stretching Frequency 
The terminal B-H stretching frequency is observed in 
the region 2450-2300 cm in the transition metal 
borohydrides (97). The B-H stretching frequency in 
decaborane occurs at 2580 cm and B-H skeletal vibration at 
1008 cm (98). In poly(1-pyrazolyl)borates, the B-H 
stretching frequency has been found to occur in the range 
2470-2240 cm~^. 
C-N Stretching Frequency 
The C-N stretching absorption gives rise to strong 
bands in the region 1350-1250 cm in all the amines (99). 
In primary aromatic amines there is one band in the region 
1340-1250 cm" but in secondary amines two bands have been 
found in the region 1350-1280 cm""^  and 1280-1230 cm" . 
B-N Stretching Frequency 
Vibrational spectroscopic assignments are available 
for diaminoborane having B-N bond. ^^  Vasy ^'^ stretching 
band at 1605 or 1393 cm" is seen in the infrared 
spectra (100). 
Methyl Group Frequency 
Absorption arising from C-H stretching in the alkanes 
occurs in the general region of 3000-2840 cm . The 
position of C-H stretching vibration are among the most 
stable in the spectrum. An examination of a large number of 
saturated hydrocarbons containing methyl groups showed (101) 
in all cases, two distinct bands occurring at 2960 cm and 
2870 cm . The first of these results from asymmetric 
stretching mode in \;hich two C-H bonds of the methyl group 
are extending while the third one is contracting (")) CH^). 
^ J^a sy. 3 
The second arises from symmetric stretching ( i) CH^) in 
•^  *^ sy. 3 
v/hich all three of the C-H bonds extend and contract in 
phase. The presence of several methyl groups in a molecule 
results in a strong absorption bands at these positions. 
S-H Stretching Frequency 
The S-H stretching vibrations in mercaptans are 
usually observed in the range 2600-2500 cm" (102). The S-H 
absorption is not inherently strong, and is often difficult 
to detect in dilute solution or in samples examined in very 
thin cells. 
C-S Stretching Frequency 
The C-S stretching frequency generally appear as a 
band of weak or moderate intensity in the range 720-570 cm 
These appears to be a progressive decrease in the frequency 
in the order, primary, secondary and tertiary C-S. In 
aromatic derivatives the C-S frequency is found tov/ards the 
tops of this range and some difficulty is experienced in 
recognising the C-S frequency due to the presence of the 
intense CH-out-of-plane deformation band in this region. In 
phenyl, sulphonyl halides the C-S vibration occurs between 
715 and 706 cm~^ (103). 
B-S Stretching Frequency 
There is great uncertainty with regard to the 
assignment of the B-S stretching frequency in sulphur 
containing boron compounds. The frequencies in such 
compounds fall in the range of 850-1070 cm" . In thiophenol 
two bands in the region 870-980 cm"""" have been assigned to 
B-S stretching vibration (104). 
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O-H Stretching Frequency 
The O-H stretching frequency is observed in about the 
same range as N-H frequencies (3550-3400 cm ). However, 
the observed absorption for N-H is normally narrov/er thc-.n 
for O-H. This is a useful means of distinguishing N-H and 
O-H stretching modes. In diols it usually occurs in the 
region 3200-3400 cm"""" (105). 
B-0 Stretching Frequency 
It has been reported that B-0 bond is stronger than 
B-N bond. For boron complexes of some oxygen-nitrogen 
containing chelating agent the B-0 stretching frequency has 
been reported to appear at 1310 cm (106). 
M-N Stretching Frequency 
The M-N stretching frequency is of particular interest 
since it provides direct information regarding the 
coordinate bond. A preliminary investigation of the 
infrared spectra of pyridine complexes in 200-500 cm 
region located bands which were assigned to yM-N 
vibrations (107). Several amine complexes exhibited the 
metal-nitrogen frequencies in the region 30 0-4 20 cm" . The 
bands observed in the region 350-450 cm""*" in several metal 
derivatives of indole has however been assigned to the M-N 
stretching frequency. 
M-S Stretching Frequency 
The metal-sulphur frequency is of particular interest 
as it gives a direct evidence for coordination through the 
sulphur atom. In thiophenolyl borates the metal-sulphur 
stretching frequency (108) has been located as a weak 
absorption band in the region 380-350 cm 
M-O Stretching Frequency 
Metal-oxygen stretching frequency has been reported in 
different region for different metal complexes. Polymeric 
complexes of aniline and toluidine adducts exhibit one Cu-0 
stretching frequency between 300-350 cm , whereas the 
dimeric complexes show one or tv/o bands in the 4 00-30 0 cm 
region (109). The M-0 stretching frequency in diols is 
reported to appear at 375 cm 
H-X Stretching Frequency 
Metal-halogen stretching vibrations are generally 
observed in the low frequency infrared region (400-200 cm ) 
(110). Apart from simple halide ions the commonest ligands 
are those in v/hich the donor atom is carbon, nitrogen cr 
oxygen. The vibrational frequencies associated with M-Of 
M-C and M-N bonds cover large ranges which extend into the 
low frequency regions. In the complex Cu„X. 
(pyridine-l-oxide)2 a single band at 315 cm""^  with a soulder 
at 325 cm must to due to the terminal Cu-Cl stretchinc 
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frequency. These frequencies generally increases as the 
oxidation number of the metal increases. 
Magnetic Susceptibility Measurements 
The determination of magnetic moments of transition 
metal complexes have been found to provide ample information 
in assigning their structure. The main contribution to bulk 
magnetic properties arises from magnetic moment resulting 
from the motion of electrons. It is possible to calculate 
the magnetic moments of known compounds from the measured 
values of magnetic susceptibility. 
There are several kinds of magnetism in substances 
viz., diamagnetism, paramagnetism and ferromagnetism or 
antiferromagnetism. Most compounds of the transition 
elements are paramagnetic. Diamagnetism is attributable to 
the closed shell electrons with an applied magnetic field. 
In the closed shell the electron spin moment and orbital 
moment of the individual electrons balance one another so 
that there is no magnetic moment. Ferromagnetism and 
antiferromagnetism arise as a result of interaction betv/een 
dipoles of neighbouring atoms. 
If a substance is placed in a magnetic field H, the 
magnetic induction B with the substance is given by 
B = H + 4 A I 
where I is the intensity of magnetisation. The ratio B/H is 
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called the magnetic permeability of the material and is 
given by 
B/H - 1 + 4 7^( I/H ) = 1 + 4AK 
where K is called the magnetic susceptibility per unit 
volume or volume susceptibility. B/H is the ratio of the 
density of lines of force within the substance to the 
density of such lines in the same region in the absence of 
the sample. Thus the volume susceptibility of a vacuum is 
by definition zero since in vacuum B/H = 1. 
VJhen magnetic susceptibility is considered on the 
weight basis, the gram susceptibility (X ) is used instead 
of volume susceptibility. The ki. -r^  value can then be 
calculated from the gram susceptibility multiplied by the 
molecular weight and corrected for diamagnetic value as 
Aeff. = 2.84y^.N^°^^-T. B.M. 
v^ here T is the absolute temperature at which the experiment 
is performed. 
The magnetic properties of any individual atom or ion 
will result from some combination of these two properties 
that is the inherent spin moment of the electron and the 
orbital moment resulting from the motion of the electron 
around the nucleus. The magnetic moments are usually 
expressed in Bohr magnetons (B.M.). The magnetic moment of 
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a single electron is given by 
n^ (in B.M.) = g /S(S+1) 
where s is the spin quantum number and g is the gyromagnetic 
ratio. 
2+ 3 + For Mn and Fe and other ions whose ground states 
are S states there is no orbital angular momentum. In 
general however, the transition metal ions in their ground 
state D or F being most common, do possess orbital angular 
2+ 2+ 
momentum. For such ions, as Co and Ni , the magnetic 
moment is given by 
M-Q^j^ = g /4S(S+1) + L(L+1) 
in which L represents the orbital angular momentum quantum 
number for the ion. 
The spin magnetic moment is insensitive to environment 
of metal ion, the orbital magnetic moment is not. In order 
for an electron to have an orbital angular momentum and 
there by an orbital magnetic moment with reference to a 
given axis it must be possible to transform the orbital into 
a fully equivalent orbital by rotation about that axis. 
Electrons in dy states cannot contribute to the 
orbital moment because the d 2 2 and d 2 orbitals cannot be 
X -y z 
transformed into one another by a rotation about any axis. 
However, all dE states excepting dj and d^ contribute to 
the orbital moment. 
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For octahedral complexes the orbital angular monentun 
is absent for A, , A^ and E tern, but can be present for 
Icj 2g g 
T-, and T^ terms. Magnetic moments of the complex ions 
Ig 2g 
\/ith A„ and E ground terms may depart from the spin only 
2g q -" 
value by a small amount. The magnetic moments of the 
complexes possessing T ground terms usually differ from the 
high spin value and vary with temperature. The magnetic 
moments of the complexes having a A, ground term are very 
close to the spin only value and are independent of 
temperature. 
For octahedral and tetrahedral complexes in which spin 
orbit coupling causes a split in the ground state an orbital 
moment contribution is expected. Even no splitting of the 
ground state appears in cases having no orbital moment 
contribution, an interaction \/ith higher states can appear 
due to spin-orbit coupling giving an orbital moment 
contribution. 
Practically the magnetic moment value of the unknovm 
complex is obtained on Gouy magnetic balance. Faraday 
method can also be applied for the magnetic susceptibility 
measurement of small quantity of solid samples. The 
magnetic moments of the most of the present ccmpounds was 
carried out on vibrating sample magnetometer model 155 which 
directly gives the ^^^^^ value without diamagnetic 
correction calculated from the formulae 
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/^eff.= 2 . 8 4 / R X T X M WH 
where R = Reading on magnetometer 
T = Temperature in absolute degree 
M = riolecular weight of the substance 
W = VJeight of the sample 
H = Applied magnetic field in gauss 
Ultra-violet and Visible (Ligand Fields) Spectroscopy 
Most of the compounds absorb light somewhere in the 
spectral region between 200 and 1000 nm. These transitions 
correspond to the excitation of electrons of the molecules 
from ground state to higher electronic states. In a 
transition metal all the five 'd orbitals' viz., d d , 
xy y z 
d , d 2 and d 2 2 are degenerate. However, in 
xz z X --y -^  
coordination compounds due to the presence of ligands this 
degeneracy is lifted and d orbitals split into two groups 
called t„ (d , d and d ) and e (d 2 and d 2 2) in an 2g xy yz xz g z x -y 
octahedral complex and t and e in a tetrahedral complex. 
The set of t„ orbitals goes below and the set of e 
orbitals goes above the original level of the degenerate 
orbitals in an octahedral complex. In case of the 
tetrahedral complexes the position of the two sets of 
orbitals is reversed the e going below and t going above the 
original degenerate level when a molecule absorbs radiation 
its energy equal in magnitude to hi; and expressed by the 
relation, 
E = ho? 
or E = hc/x 
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where h is planck's constant X! and X ^^^ the frequency and 
wavelength of the radiation respectively and C is the 
velocity of light. 
In order to interpret the spectra of transition metal 
complexes., the device of energy level diagram based upon 
'Russell Saunder Scheme' must be introduced. This has the 
effect of splitting the highly degenerate configurations 
into groups of levels having lower degeneracies kno\,vn as 
'Term Symbols'. 
The orbital angular momentum of electrons in a filled 
shell vectorically add upto zero. The total orbital angular 
momentum of an incomplete d shell electron is obtained by 
adding L value of the individual electrons, which are 
treated as a vector v;ith the component ml in the direction 
of the applied field. Thus 
L = ^ m l i = 0 1 2 3 4 5 6 
i 
S P D F G H I 
The total spin angular momentum S = •:g S. where S. is the 
value of spin angular momentum of the individual electrons. 
S has a degeneracy '7'equal to 2S+1, which is also knc\vn as 
'Spin Multiplicity'. Thus a term is finally denoted as "fh' 
For example, if S=l and L=l, the term v/ill ^p and similarly 
if S=l- and L=3, the term will be "^ F. 
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In general the terms arising from a d configuration 
area is as follov/s 
d d 
d d 
d^ d^ 
•^ F, "^ P, "'•G, -^ D, -""S 
"^ F, ^P, ^H, ^G, ^F, ^D(2), ^P 
^D, ^H, ^G, ^F(2), ^D, ^P(2), "^I, ^ G (2) , "^ F, 
^D(2), ^S(2) 
^S, ^G, ^F, ^D, S , 2i, 2^, 2^(2), '^Y{2) , 
0 7 7 
^D(3). ^P, ^S 
Coupling of L and S also occurs, because both L and S 
if non-zerof generate magnetic fields and thus tend to 
orient their moments with respect to each other in the 
direction where their interaction-energy is least. This 
coupling is known as ' LS Coupling' and gives rise to the 
resultant angular momentum denoted by the quantum number J 
which may have quantized positive values from |L+S| upto 
|L-S| e.g., in case of ^P (L=l, S==l) , '^F (L=3, 3 = 1^) 
possible values of J representing state, arising from term 
splitting are 2,1 and 0 and 4—, 3—, 2— and 1—. Each state 
specified by J is 2J+1 fold degenerate. The total number of 
states obtained from a term is called the multiplet and each 
value of J associated with a given value of L is called 
component. Spectral transitions due to spin orbit coupling 
in an atom or ion occurs between the components of two 
different multiplets while LS coupling scheme is used for 
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the elements having atomic number less than 30, in the whose 
case spin orbit interactions are large and electrons 
repulsion parameters decrease. The spin angular momentum of 
an individual electron couples with its orbital momentum to 
give an individual J for that electron. The individual J's 
couple to produce a resultant J for the atom. The 
electronic transitions taking place in an atom or ion are 
governed by certain 'Selection Rules', v/hich are as follows 
1. Transitions between states of different multiplicity are 
forbidden. 
2. Transitions involving the excitation of more than one 
electron are forbidden. 
3. In a molecule, which has a centre of symmetry, 
transitions between tv/o gerade or two ungerade states are 
forbidden. 
Interelectronic repulsions within configuration give 
the energies of the terms above the ground term. The 
energies are function of two parameters related to electron 
repulsion. The two parameters may be choosen in either the 
way of Condon and Shortley (F- and F. ) or in that of 
Racah (B and C) for d orbital electrons. For the first 
transition series ions the value of C/B is around 4.0 and B 
is about 1000 cm . It is possible to examine the effects 
of crystal field on a polyelectron configuration. The 
ligand field splitting due to cubic field can be obtained by 
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considerations of group theory. It has been shovm that an S 
state remains unchanged. P states does not split, a D state 
splits into two and F state into three and a G state into 
four states are tabulated belov/. This holds for an 
octahedral 'Oh' as well as tetrahedral ' Td' symrnetry. 
S A^ 
P T-^  
D ^ "*" "^ 2 
F ^2 + ^1 -^  ^ 2 
G A2 + E + T^ + T2 
In weak crystal fields the interelectronic repulsions are 
larger. The crystal-field may hov/ever.- be of comparable 
magnitude (medium strength) or it may be larger than the 
interelectronic repulsion. 
Correlation diagram for free ion (weak-field) ^ 
1 9 Strong field configuration from d -d for both octahedral 
and tetrahedral cases are available. In addition to the 
qualitative aspects of transition from v/eak to strong 
crystal-fields it is also necessary to have quantitative 
results available for the interpretation of spectra. The so 
called Tanabe-Sugano diagrams make it possible. In these 
diagrams, the energies of the levels of a d" system as E/B 
are plotted as the vertical coordinate and the crystal field 
strength in the form of Dq/B as the horizontal coordinate. 
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This diagram requires two parameters B and C for the 
interelectronic repulsion. It can be drawn only if the 
ratio C/B is specified. 
Transition from the ground state to the excited state 
occur according to selection rules described earlier. The 
energy level order of the states arising from the splitting 
of a term state for a particular ion in an octahedral field 
is the reverse of that for this ion in a tetrahedral field. 
Sometimes due to transfer of charge from ligand to 
metal or metal to ligand, bands appear in the ultraviolet 
region of the spectrum. Such spectra are known as 'charge 
transfer spectra' or redox spectra. For metal complexes 
there are often possibilities that charge transfer spectra 
extend into the visible region to obscure d-d transition, 
Hov/ever, these should be clearly discerned from the ligand 
bands which might also occur in the same region. 
Elenental Analysis 
The chemical analysis is quite helpful in fixing the 
stoichiometric composition of the ligand as well as its 
metal complexes. Carbon, hydrogen and nitrogen analyses 
were carried out \7ith a Thomas and Coleman analyser, 
Carlo Erba 1106. Sulphur and Chlorine were analysed by 
conventional methods (111, 112). For the metal 
estimation (113), a knov/n amount of complex v/as decomposed 
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with a mixture of nitric-, perchloric- and sulphuric acids 
in a beaker. It was then dissolved in water and made upto a 
knov/n volume so as to titrate it v/ith standard EDTA. For 
Sulphur and Chlorine estimation, a knov;n amount of the 
sample was decomposed in a platinum crucible and dissolved 
in water with a little concentrated nitric acid. The 
solution was then treated with either silver nitrate or 
barium chloride solution. The precipitate v/as dried and 
weighed. 
C H A P T E R - III 
Synthesis and Characterization of Potassium 
Dihydrobis-, Hydrotris- and Tetrakis(indolyl) 
Borates and their Complexes with Some 
Transition Metal Ions. 
EXPERIMENTAL 
Starting materials 
Indole (Wilson) was used without further purification. 
Metal salts (BDH, AnalaR) were used as received. Dimethyl 
formamide (E.Merck) v\?as dried over potassium hydroxide and 
then vacuum distilled. 
Preparation of potassium dihydrobis(indolyl)borate 
Potassium borohydride (0.46g, 8.50 mmol) and indole 
(2.00g, 17.0 mmol) in 1:2 molar ratio v/ere refluxed in dry 
DMF ( ^ 30 ml) for about twelve hours till 17.0 mmol of 
hydrogen gas was evolved. The reaction may be representee 
as belov/ 
2CgH^N + KBH^ > K'^ (C-^ g^H-j^ N^2B)" + 2H2 
After the reaction was complete, the solution became dark 
violet. The reaction mixture on cooling to room temperature 
yielded a colourless solid which v;as filtered v/ashed and 
dried in vacuo. Yield 74%, Decomposition temperature 285°C. 
Preparation of the complexes 
The ligand solution v/as prepared by adding -^25 ml 
water to the cooled suspension of ligand in DMF in each 
case. 
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Chlorobisdihydrobis(indolyl)borate chromium(III), 
The ligand solution (3.78 mmol) and aqueous 
chromium{III) chloride (1.89 mmol) \7ere mixed together and 
refluxed for about eight hours. A brown product obtained 
was filtered, \;ashed and dried in vacuo. It decomposes 
without melting at 284°C, Yield 72%. 
Chlorodihydrobis(indolyl)borate manganese(II), 
[Mn(C^gII^^N2B)Cl] 
A mixture of the ligand '3.78 mmol) and manganese(11) 
chloride solution (3.78 mmol) was refluxed for about eight 
hours. A brov/n product precipitated v/hich was filtered off, 
washed and finally vacuum dried. Decomposition temperature 
278°C.- Yield 68%. 
Chlorobisdihydrobis(indolyl)borate iron(III), 
To potassium dihydrobis(indolyl)borate (3.78 mmol) 
was added an agueous iron(III) chloride solution (1.89 mmol) 
the resulting suspension was refluxed for about eight hours. 
A yellow solid v/as filtered and dried in vacuo. It 
decomposes \/ithout melting at 280°C, Yield 65%. 
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Chlorodihydrobis(indolyl)borato cobalt(II), 
Cobalt(II) chloride solution (3.78 mmol) was added to 
the ligand solution (3.78 mmol) and the resulting solution 
was refluxed for about seven hours. A pink solid obtained, 
which v/as filtered, washed and dried in vacuum at room 
temperature. Decomposition temperature is 275°C, Yield 68%. 
Chlorodihydrobis(indolyl)borate nickel(II), 
[Ni(C^gHj^^N2B)Cl] 
The compound [ Ni (C, gH, .N2B)Cl] was prepared by addinc, 
the ligand soiuLxon (3-78 nmolj to nickel(Il) chlocidf 
(3.78 nmol) and refluxed for about seven hours. A green 
produc oDtainea, wnicti was filtered, washed with n fier and 
vacuum drjed. 1.1 decomposes without melting at 27t)°C, 
Yield 69%. 
Chlorodihydrobisdndolyl)borate copper (II) , 
[Cu(C^gH^^N2B)Cl] 
A hot solution of potassium dihydrobis(indolyl)borate 
(3.78 mmol) was mixed with copper(II) chloride solution 
(3.78 mmol) and refluxed for about eight hours. It yielded 
a green solid. It decomposes v;ithout melting at 270°C, 
Yield 71%. 
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Chlorodihydrobis(indolyl)borate zinc(II), 
[Zn(C^gH^^N2B)Cl] 
The preparation of this complex v/as achieved by 
refluxing zincdl) chloride (3.78 mmol) and ligand solution 
(3.78 mmol) in DriF for about seven hours. The resulting 
colourless product V7as obtained, filtered and dried in 
vacuo. It decomposes without melting at 281°C, Yield 67%. 
The complexation reaction may be represented as below 
2K+(C^gH^^N2B)" + K.CI3 > [tl(C^gH^^N2B)2Cl] + 2KC1 
where 14 = Cr(III), Fe(III) 
K+(C^gH^^N2B)" + MCI2 > [K(Cj_gH^^N2B)Cl] + KCl 
where M = Mn(II), Co(II), Ni(II), Cu(II), Zn(II) 
Preparation of potassium hydrotris(indolyl)borate 
Potassium borohydride (0.30g, 5.70 mmol) and indole 
(2.00g, 17.10 mmol) in 1:3 molar ratio were refluxed in dry 
DMF (^50 ml) for twenty four hours till 17.10 mmol hydrogen 
gas was evolved according to the reaction belo\/ 
3CgH^N -I- KBH^ > K-^{C^^E^^N^B)- + 3H2 
On cooling the contents a v/hite solid material separated 
out. This was filtered, washed and dried under reduced 
pressure at room temperature. Decomposition temperature 
296°C, Yield 68%. 
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Preparation of the complexes 
The ligand solution was prepared by adding (^ 30 ml) 
water to the cooled suspension of ligand in DMF in each 
case. 
Chlorobishydrotris(indolyl)borate chromium(III), 
[Cr(C24H-|^gN3B)2Cl] 
To a solution of hydrotris (indolyl )borate (2.62 mniol) 
was added chromium(III) chloride solution (1.31 mmol) in DtlF 
and the mixture was refluxed for about seven hours. A brown 
solid thus obtained, was filtered off and dried in vacuo. 
Decomposition temperature 275°C, Yield 68%. 
Chlorohydrotris(indolyl)borate manganese(II), 
[Mn(C24lI]^gN3B)Cl] 
Preparation of the above compound was accomplished by 
refluxing the manganese(II) chloride (2.62 mmol) and the 
ligand solution (2.62 mmol) in DMF for about eight hours. A 
brown solid was obtained by filtration. It v/as vacuum 
dried. Decomposition temperature 280°C, Yield 68%. 
Chlorobishydrotris(indolyl)borato iron(III), 
[Fe(C24H^gN3B)2Cl] 
The complex Fe{C2^iiig^2^) 2'^^ was prepared by refluxing 
the stoichiometric amount of iron(III) chloride (1.31 mmol) 
and the ligand solution (2.62 mmol) for about seven hours. 
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The solid thus obtained was filtered, v/ashed and dried in 
vacuo. Decomposition temperature 278°C, Yield 64%. 
Chlorohydrotris(indolyl)borate cobalt(II), 
[Co(C24Hj^gN3B)Cl] 
Cobalt(II) chloride solution (2.62 mmol) v/as added to 
the ligand solution (2.62 mmol) which after refluxing for 
about seven hours gave a pink solid. The ccmpound was 
isolated in the manner described above. Decomposition 
temperature 283°C, Yield 76%. 
Chlorohydrotris(indolyl)borate nickel(II), 
[Ni(C24H^gN3B)Cl] 
An aqueous solution of nickel(II) chloride (2.62 mmol) 
was added to the ligand solution (2.62 mmol) and refluxed 
for about six hours. A green solid appeared which v;a s 
isolated by filtration and finally vacuum dried. 
Decomposition temperature 270°C, Yield 68%. 
Chlorohydrotris(indolyl)borato copper(II), 
[Cu(C24H^gN3B)Cl] 
The ligand solution (2.62 mmol) and copper(II) 
chloride solution (2.62 mmol) in DMF were mixed together and 
refluxed for about six hours. The reaction mixture v^ as 
allov/ed to cool to room temperature. A green complex 
appeared which was then filtered off, washed and finally 
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vacuum dried. Decomposition temperature 285°C, 
Yield 74%. 
Chlorohydrotris(indolyl)borate zinc(II), 
[Zn(C24Hj^gtl3B)Cl] 
A solution of zinc(II) chloride (2.62 mmol) was added 
to the ligand solution (2.62 mmol) and the contents refluxed 
for about seven hours. A white solid appeared which \ic.s 
isolated by filteration and then v;ashed repeatedly with DMF 
and then dried in vacuo. Decomposition temperature 285°C, 
Yield 74%. The complexation reaction may be represented 
as belov/ 
2K+(C24H^gN3B)- + MCI3 > [M(C24H^gN3B)2CI] + 2KC1 
v/here M = Cr(III), FedII) 
K'^iC^^H-^^^-^B)' + MCI2 > [M(C24H^gN3B)Cl] + KCl 
where M = Mn(II), Co(II), Ni(ll), Cu(II), Zn(II) 
Preparation of potassium tetrakis(indolyl)borate 
Potassium borohydride (0.23g, 4.25 mmol) and indole 
(2.00g, 17.00 mmol) were refluxed in dry DKF (^ 60 ml) for 
about forty eight hours when 17.00 mmol of hydrogen gas was 
evolved. The reaction may be represented as belov/ 
4CgH^N + KBH^ >• K+(C32H24N^B)- + 4H 
2 
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The colourless solid material obtained on cooling the 
reaction mixture was filtered, washed and dried in vacuo. 
Decomposition temperature 280°C, Yield 64%. 
Preparation of the complexes 
The solution of the ligand was prepared in aqueous 
DKF (50:50, v/v). 
Chlorobistetrakis(indolyl) borate chromiuin( III) , 
[Cr(C^2H24^4^^2^-'-^ 
A mixture of the ligand solution (2.12 mnxDl) and an 
aqueous solution of chromium(III) chloride (1.06 mmol) was 
refluxed for about five hours. The precipitate so obtained 
on cooling to room temperature was filtered, washed and 
dried in vacuo. Decomposition temperature 281°C, Yield 68%. 
Chlorotetrakis(indolyl)borate manganesedl), 
[^111(0^2^24^46)01] 
A solution of manganesedl) chloride (2.12 mmol) was 
added to a solution of the ligand (2.12 mmol) and the 
reaction run rt reflux for about five hours. The 
precipitate appeared instantaneously v^ hich uas filtered, 
washed and then vacuum dried. Decomposition 
temperature 281°C, Yield 65%. 
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Chlorobistetrakis(indolyl)borate iron(III), 
[Fe(C32H24N^B)2Cl] 
A mixture of aqueous iron(lll) chloride (1.06 minol ) 
and ligand solution (2.12 mmol) in DMF were refluxed for 
about six hours. A yellov/ complex v/as obtained. It ve s 
filtered washed and dried in vacuo. Decomposition 
temperature 270°C, Yield 69%. 
Chlorotetrakis(indolyl)borate cobalt(II), 
[Co(C32H24N4B)Cl] 
An aqueous solution of cobalt(II) chloride (2.12 mmol) 
was added to the ligand solution (2.12 mmol). The mixture 
v\/as refluxed for about five hours. On cooling the contents 
the precipitate separated out and was filtered by suction 
and dried under vacuum. Decomposition temperature 285°C, 
Yield 68%. 
Chlorotetrakis(indolyl)borato nickeKII), 
An aqueous Solution of nickel(II) chloride (2.12 mmol) 
was mixed v/ith the ligand solution (2.12 mmol) and refluxed 
for about five hours. The resulting green precipitate was 
filtered, washed and finally vacuum dried. Decomposition 
temperature 280°C, Yield 72%. 
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ChlorotctrakiG(indolyl)borate copper(II), 
[Cu( 022^ 24^ 4^'^ ^^ ''"^  
Equimolar solution of copper(II) chloride (2.12 mmol) 
and the ligand solution (2.12 nnol) were mixed together and 
refluxed for about five hours. A green compound which 
appeared v/as worked up as described earlier. Decomposition 
temperature 268°C, Yield 67%. 
Chlorotetrakis(indolyl)borate zinc(II), 
[Zn(C22"24'^4®^^^^ 
The ligand solution (2.12 mmol) and zinc(II) chloride 
solution (2.12 mmol) v;ere mixed together and refluxed for 
about five hours. The reaction mixture \7as al lo^ /ed to cool 
to room temperature. A solid complex appeared v/hich was the 
filtered off, washed and finally vacuum dried. 
Decomposition temperature 266°C, Yield 68%. The 
complexation reaction may be represented as belo\; 
2K+(C32H24N^B)" + MCl^ > [M(C32H24N4B)2CI] + 2KC] 
where M = Cr (III) , Fed II) 
K'*'(C22H24N4B)" + MCI2 > [^\[ ^^Yi^^^^?>)Q1] + KCl 
where M = tin (11) , Co(II), Ni(II), Cu(II), Zn([l) 
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Analyses and physical measurements 
The complexes were analysed for metal contents by 
standard procedure (113). Carbon, hydrogen and nitrogen 
analyses were carried out with Thomas and Coleman analyser, 
Carlo Erba 1106. The infrared spectra (4000-2 00 cm" ) in 
KBr and Nujol respectively were recorded with a Perkin-Elmer 
grating spectrophotometer model 621. The diffuse 
reflectance spectra were recorded with a Carl-Zeis-^ ^ 
VSU-2P Spectrophotometer using MgO as calibrant and magnetic 
susceptibility measurements v/ere done by the vibration 
sample magnetometer (VSK) technique. 
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RESULTS AND DISCUSSIONS 
Potassium dihydrobis-, hydrotris- and 
tetrakis(indolyl)borates have been synthesized by the action 
of KBH. over indole in 1:2, 1:3 and 1:4 ratios respectively. 
The completion of the reaction v/as ascertained by the 
release of requisite volume of hydrogen gas. Elemental 
analysis, colour, decomposition temperature and per cent 
yield are listed in Tables 1-3. The probable structure of 
these ligands is shown in Fig. 1-3. They have been further 
characterized by their infrared spectra (Tables 4-6). It is 
inferred from the disappearance of NH band (3400-3000 cm ) 
and the appearance of a new band of medium intensity at 1390 
cm , that hydrogen from NH of indole has been removed and a 
B-N bond formed (100). A doublet at 2420 and 2380 cm""^  duo 
to tv/o B-H bonds has been observed in potassium 
dihydrobis(indolyl)borate (114). There appears only one B-H 
band at 2410 cm in hydrotris ligand and obviously there is 
no such band in tetrakis ligand as a consequence of removal 
of all hydrogens from KBH,. 
A band in the region 1352-1345 cm has been assigned 
to the C-N stretching frequency v;hich does not sho\; 
significant shifts. However, after complexation small 
shifts in yc-N are observed irrespective of the nature of 
metal ions coordinated (115). Ring stretching frequency 
appears in 1610-1620 cm" range. 
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Some new bands of weaker intensity observed in the far 
infrared region (430-380 cm ) of the complexes have been 
tentatively assigned to the metal-nitrogen stretching 
frequency (41). 
Complexes of dihydrobis(indolyl)borate anion 
In case of Cr(III) and Fe(III) complexes the magnetic 
moment values are well within the range consistent v/ith an 
octahedral (116) geometry (Table 7). The electronic 
spectrum of the Cr(III) exhibit weak bands at 23,254 cm 
and 16,667 cm which may reasonably be assigned to 
"^ T^  (F) <: ^A^ (F) and ^T^ (F) < ^A^ (F) transitions, 
respectively. Likewise, Fe(III) also shows tv70 bands 
observed at 23,255 cm and 20,202 cm assigned to 
"^ T^  (G) < A^-, and "^ T, (G) -^  A^-, transitions, 
2g Ig Ig Ig 
respectively. The magnetic moment of Fe(III) ion 
(5.81 B.M.) is consistent with five unpaired electrons. 
They both presumably achieve an octahedral geometry by 
bridging chlorine atom. 
The magnetic moments (5.78, 4.71 and 3.6 5 B.fl. ) 
observed for Mn(II), Co(II) and Ni(II) complexes indicate a 
tetrahedral geometry as has been found in similar other 
cases (117). In the case of Mn(II) complex the electronic 
spectrum exhibits three bands at 23,809, 2 2,2 22 and 
20,202 cm" corresponding to '*A,(G) < A^^ ,^ 
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'^ T2(G) 4 ^A^ and ^T^(G) < ^A^ transitions, 
respectively. Co(II) shows only one band at 15,151 cm"' 
assigned to T^-j^ (P) < ^A^CF) transition. Ni(II) complex 
has also been found to display only one band observed at 
- 1 O T 
16,394 cm assigned to -^ T, (P) ^ -^ T, (F) transition. 
i 1 
It is difficult to distinguish betv/een a square planar 
and a tetrahedral geometry for Cu(II) ion only on the basis 
of d-d transitions as it occurs in the same region for both 
the geometries. However, the magnetic moment value 
extending over a range of 1.78-1.99 B.M. for Cu(II) 
complexes is indicative of a square planar geometry as has 
been found in the crystal structure of dimeric hydroxamate 
complex of Cu(II) ion (118) with a magnetic moment value of 
1.78 B.M. In the absence of any band and the magnetic 
moment value (1.78 B.M.), Cu(II) in dihydrobis(indolyl) 
borate is tentatively suggested to be square planar \/ith 
chlorine bridging (Fig. 4). This is in keeping \;ith the 
tetrahedral geometry of boron in the complex. 
Complexes of hydrotriG(indolyl)borate anion 
In case of Cr(III) and Fe(III) complexes the observed 
magnetic moments (3.67 and 5.83 B.M.) are quite close to the 
calculated value for an octahedral geometry with A ground 
term (116). The reflectance spectrum (Table 8) of the 
Cr(III) complex exhibits three bands at 36,363, 24,392 and 
54 
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55 
1 7 , 2 4 0 cm"'^ a s s i g n a b l e t o "^T^ (P)-< "^^20^^^ ' 
"^ T-, (F) < "^ A^ (F) and '^T^ (F) < '^ A^ (F) t r a n s i t i o n s , 
Ig 2g 2g 2g 
respectively- The appearance of only two bands at 23,809 
and 19,230 cm~ in Fe(lll) are due to ^T„ (G) ^ ^A, and 
2g Ig 
'*T, (G) < A, transitions, respectively. 
The magnetic moment value of 5.59 B.M. for Mn(II) 
complex is slightly less than that required for five 
unpaired electrons for tetrahedral geometry. It may be 
attributed to the magnetically non-dilute nature of the 
complex (119). Normally there appears one charge transfer 
band at 40,816 cm" but three weak bands observed at 24,096, 
22,321 and 21,276 cm""'" are assigned to ^A-^(G) <^  ^A^, 
"^T (G) < ^A^ and '^ T^ (G) < ^A^ transitions, 
respectively. 
The magnetic moments (4.74 and 3.62 B.M.) observed for 
the Co(II) and Ni(II) complexes are close to those expected 
for tetrahedral geometry (117). The Co(II) complex 
exhibited a high frequency band at 15,387 cm attributed to 
'^ T^ (P) < ^^2^^^ transition. The other bands could not 
be observed as they were beyond the range of the instrument. 
The Ni(II) complex has only one band at 16,12 9 cm" arising 
e other out of the transition "^ T, (?).<; %, (F). Th 
expected bands in the region 8000-7000 cm" were out of the 
range of the instrument. 
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The Cu(II) complex with hydrotris(indolyl)borate 
ligand may either be monomeric tetrahedral or dineric 
binuclear square planar. It is proposed to be dimeric 
square planar because it is relatively more stable than the 
corresponding monomeric species (118), 
Complexes of tetrakis(indolyl)borate anion 
The observed magnetic moment for the Cr(III) complex 
close to that calculated for an octahedrally surrounded 
metal ion (Fig. 5). The band observed at 45,454 cm in the 
electronic spectrum (Table 9) has been assigned to charge 
transfer. The electronic spectrum also shows bands at 
36,363 and 24,096 cm~^ assignable to '^ T, (P) < "^ A^  (F) 
ig zg 
and '^ T, (F) < ^A„ (F) transitions, respectively, 
characteristic of an octahedral geometry (120). 
The observed magnetic moment value for the Tin (I I) 
complex is 5.80 B.M. and is also very close to that 
calculated for the metal in an octahedral environment. The 
electronic spectrum shows an intense charge transfer band at 
41,6 66 cm . The octahedral geometry of this complex has 
been further substantiated by the appearance of bands at 
25,000, 23,753 and 19,048 cm"-*- assigned to the 
Sg(^) . 6^ ^^ , 4^ ^^ (^ ) ^  6^^^^^ 4^ ^^ (^ ) ^  6,^ ^^  
transitions, respectively, in its electronic spectrum. 
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The magnetic moment of 5.84 B.M. of Fe(III) complex 
clearly indicates an octahedral geometry about this metal 
ion (Fig. 5). Its electronic spectrum exhibits v/ell 
resolved bands at 17,094 and 22,471 cm characteristic of 
an octahedral array of ligands around the metal ion. The 
more itense band at 40,816 cm may be assigned to charge 
transfer. 
The magnetic moment value of 4.78 B.M. for the Co(II) 
complex indicates an octahedral geometry around the metal 
ion. The electronic band observed at 43,478 cm is 
attributed to charge transfer. The bands observed at 
23,809 and 10.870 cm"-^  assigned to "^ T, (P) < ^^ T^  (F) and 
' ^ Ig Ig 
"^ T^  (F) < T, (F) transitions, respectively are cilso 
2g Ig ^ -^ 
suggestive of an octahedral geometry for this complex (116) . 
The Ni(II) complex shows a magnetic moment value of 
3.71 B.fi. characteristic of an octahedral complex. The 
electronic spectrum shows intense charge transfer band at 
4 0,816 cm . The t\70 bands observed in the electronic 
spectrum at 25,316 and 14,388 cm are reasonably assigned 
to ^T, (P) < -^ A^  (F) and "^ T, (F) -*: ^A^ (F) 
Ig 2g Ig 2g 
transitions, respectively characteristic of an octahedral 
environment around the nickel ion (116). 
The magnetic moment of 1.76 B.K. of Cu(II) complex 
clearly indicates an octahedral geometry about this metal 
ion. The electronic spectrum exhibits charge transfer bands 
60 
at 41,666 and 21,111 cm . However, the weak band observed 
~ 1 0 9 
at 12,345 cm assigned to ^T„-^ '^  E transition is 2g g 
g 
characteristic of an octahedral geometry for the d system. 
The tetrakis ligand seems to be analogous to f-i.i 
hydrotris ligand in its coordinating behaviour. It has been 
observed that the magnetic moment data for the complexes of 
hydrotris ligand were in some cases lower than the expected 
value and this has been attributed to the non-dilute nature 
of these complexes (121, 122). It has also been observed 
that the tetrakis ligand differs from the dihydrobis and 
hydrotris ligand in that the former gives rise to octahedral 
complexes whereas the latter two yield octahedral as well as 
in some cases tetrahedral and square planar geometries. 
The nephelauxetic parameter, '^', evaluated for the 
complexes compares well v;ith values for similar complexes. 
The '^' value in these cases falls belo\/ unity demonstrating 
lov; degree of covalency and the ligand may be placed in the 
vicinity of ethylenediamine in the nephelauxetic 
series (21). 
C H A P T E R - IV 
Synthesis and Physico- Chemical Studies of 
Some Transition Metal Complexes with 
Poly(2-methylindolyl)Borate Anions. 
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EXPERIMENTAL 
Materials and Methods 
2-Methylindole(E.Merck) was used without further 
purification. Potassium borohydride and the metal salts 
(BDH) and were used as received. Dimethyl formamide 
(E.Merck) was distilled before use. 
Preparation of potassium dihydrobis(2-methylindolyl)borate 
A 1:2 mixture of potassium borohydride (0.41g, 
15.2 mmol) and 2-methylindole (2.0g, 7.6 mmol) in dry DMF 
( ^^40 ml) was refluxed for fifteen hours until the 
calculated two moles of hydrogen gas was evolved. On 
cooling the solution a colourless solid was obtained. It 
was filtered, washed with warm alcohol and dried in vacuum. 
The reaction may be represented as below 
2CgHgN + KBH^ >• K+(C^gH^gN2B)" + 2H2 
Decomposition temperature 255°C, yield 62% 
Preparation of Lho complexes 
In all cases the solution of the ligand was prepared 
in aqueous acetone (50:50, v/v). 
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Chlorobisdihydrobis(2-methylindolyl)borate chromium(III), 
[Cr(C-^gH^gN2B)2Cl] 
To a hot solution of the ligand (3.20 mnx)!) was added 
the aqueous chromium(III) chloride solution (1.60 mmol) and 
the resulting suspension was refluxed for about eight hours. 
The resulting grey coloured solid was filtered, washed with 
ethanol and ether and dried in vacuo. 
Chlorodihydrobis(2-methylindolyl)borate manganese(II), 
[Mn(C-^gH-^gN2B)Cl] 
The ligand solution (3.20 mmol) and aqueous 
manganese(II) chloride (3.20 mmol) were mixed together and 
refluxed for about eight hours. A brown product was 
separated, which was worked up as described previously. 
Chlorobisdihydrobis(2-methylindolyl)borate iron(III), 
[Fe(C^3H^QN2B)2Cl] 
A mixture of the ligand solution (3.20 mmol) and 
ferric(III) chloride solution (1.60 mmol) was refluxed for 
eight hours. The solution was slowly allowed to cool to 
room temperature. The precipitated wine-red compound was 
filtered off, washed repeatedly with water and ethanol and 
finally vacuum dried. 
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Chlorodihydrobis(2-methylindolyl)borate cobalt(II), 
[Co(C^gH^gN2B)Cl] 
This compound was prepared by adding the solution of 
cobalt(II) chloride (3.20 mmol) to the ligand solution 
(3.20 mmol) and heating at reflux for seven hours. The 
precipitate which appeared on cooling was filtered, 
repeatedly washed with water and ethanol and vacuum dried. 
Chlorodihydrobis(2-methylindolyl)borato nickel(II), 
[Ni(C^gH^gN2B)Cl] 
When a solution of nickel(II) chloride (3.20 mrml) VNB s 
added to dihydrobis(2-methylindolyl)borate solution 
(3.20 mmol) a green coloured suspension was obtained. This 
solution was refluxed for seven hours. On cooling it 
afforded a green precipitate which was filtered, washed and 
dried in vacuum at room temperature. 
Chlorodihydrobis(2-methylindolyl)borato copper(II), 
[Cu(C^gH-^gN2B)Cl] 
The copper(II) complex of the dihydrobis 
(2-methylindolyl) borate v;as obtained by refluxing the 
mixture of a copper(II) chloride solution (3.20 mmol) and 
the ligand solution (3.20 mmol) for eight hours. The 
precipitate which appeared on cooling was filtered off, and 
vacuum dried at room temperature. The reaction may be 
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represented as below 
2K"''(C^gH^gN2B)~ + MCl^ ^ [M( C^gH^gN2B) ^ C1] + 2KC1 
where M = Cr(III), Fe(III) 
K+(C^gHj_gN2B)" + MCI2 > [M(C^gH^gN2B)Cl] + KCl 
where M = Mn(II), Co(II), Ni(II), Cu(II) 
Preparation of potassium hydrotris{2-methylindolyl)borate 
K+(C27H25N3B)-
Potassium borohydride (0.274g, 5.07 mmol) and 
2-methylindole (2.0g, 15.21 mraol) were mixed together in DMF 
( v^40 ml) and the reaction was completed by refluxing for 
about twenty four hours. The colourless potassium 
hydrotris(2-methylindolyl)borate which crystallized out on 
cooling was filtered, washed and finally dried for four 
hours under reduced pressure at room temperature. The 
reaction may be represented as below 
3CgHgN + KBH^ > Yi^{C^^W^^U^B)~ + 3}l 
Decomposition temperature 260°C, y ie ld 58% 
Preparation of the complexes 
In all the preparation of the complexes the ligand 
solution was prepared in acetone-water (50:50, v/v) . 
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Chlorobishydrotris(2-methylindolyl)borate chromiuin( III) , 
[Cr(C2-7H25N3B)2Cl] 
The ligand solution (2.26 mmol) and chromium(III) 
chloride solution (1.13 mmol) in water was mixed and the 
reaction run at reflux, for five hours. The solution was 
slowly allowed to cool to room temperature. The precipitate 
was filtered, repeatedly washed with water and ethanol and 
finally dried in an oven at 80°C. 
Chlorohydrotris(2-methylindolyl)borate manganese(II), 
The complex [Mn{C2'jii25^3^^^-^'^ ^^^ prepared by mixing 
the stoichiometric amounts of aqueous manganese(II) chloride 
solution (2.26 mmol) and the ligand solution (2.26 mmol) and 
refluxing the resulting mixture for six hours. The solid 
thus obtained was filtered, washed with ethanol and dried in 
vacuo. 
Chlorobishydrotris(2-methylindolyl)borate iron(III), 
[Fe(C27H25N3B)2Cl] 
To a solution of hydrotris(2-methylindolyl)borate 
(2.26 mmol) was added the iron(III) chloride solution 
(1.13 mmol) in water and the mixture v;as refluxed for six 
hours. A reddish brown precipitate appeared in the solution 
and was filteredoff, washed with ethanol and dried at 80°C. 
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Chlorohydrotris(2-methylindolyl)borate cobalt(II), 
[CoiC^^E^^ti^B) CI] 
The ligand (2.26 mmol) was dissolved in acetone-water 
(50:50) ( v^  40 ml) and reacted with aqueous cobalt(II) 
chloride (2.26 mmol) by refluxing for five hours. The 
solution on cooling gave a purple coloured solid which was 
filtered, washed with water and ethanol and oven dried 
at 80°C. 
Chlorohydrotris(2-methylindolyl)borate nickel(II), 
[Ni(C27H25N3B)Cl] 
The ligand solution (2.26 mmol) was treated with 
2.26 mmol of nickel(II) chloride in water. The mixture 
immediately darkened, and after heating for five hours at 
reflux, the precipitate was filtered, washed with hot water 
and oven dried at 80°C. 
Chlorohydrotris(2-methylindolyl)borate copper(II), 
[Cu(C27H25N3B)Cl] 
The above copper complex was prepared by mixing the 
aqueous solution of copper(II) chloride (2.26 mmol) with an 
acetone-water (50:50, v/v) solution ( >^  4 0 ml) of ligand 
solution (2.26 mmol). The contents were refluxed on a water 
bath for five hours. On cooling, the precipitated compound 
was removed by filtration, washed with water and ethanol and 
dried in an oven at 80°C. The reactions may be represented 
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as below 
2K'^(C^^E^^N^B)~ + MCl^ ^ [MiC^^H^^H^B) ^Cl] + 2KC] 
where M = Cr(III), Fe(III) 
K"^(C2yH25N^B)" + MCI2 > [M{C^^E^^N^B)C1] + K C 1 
where M = Mn(II), Co{II), Ni(II), Cu(II) 
Preparation of potassium tetrakis(2-inethylindolyl)borate. 
The ligand K [CT^HT„N.B]~ v/as formed by refluxing 
(2.0g, 15.20 mmol) of 2-methylindole with (0.20g, 3.80 mmol) 
of potassium borohydride in dimethylformamide ( ^^  60 ml). 
After the theoretical amount of hydrogen gas was evolved the 
reaction was stopped. On cooling the contents, the white 
potassium tetrakis(2-methylindolyl)borate separated out. 
This was then filtered, washed and dried under reduced 
pressure at room temperature. The reaction may bo 
represented as below 
4CgHgN + KBH^ > K'^(C^gH^2N4^)~ + ^^2 
Decomposition temperature 250°C, yield 55% 
Preparation of the complexes 
The ligand solution was prepared by adding ^^30 ml 
water to the cooled suspension of ligand in DMF in each case. 
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Chlorobistetrakis(2-methylindolyl)borate chromium(III)/ 
[Cr(C3gH32N4B)2Cl] 
A mixture of the ligand solution (1.75 mnr>l) and an 
aqueous solution of chromium(III) chloride (0.87 mmol) was 
refluxed for about seven hours. After cooling, the 
resulting precipitate was filtered, repeatedly washed with 
water and ethanol and dried in vacuo. 
Chlorotetrakis(2-methylindolyl)borate manganese(II), 
The above complex v;as obtained by adding to the 
solution of the ligand in aqueous DMF an aqueous solution of 
1.75 mmol manganese(II) chloride. The mixture was refluxed 
for about six hours to ensure completion of the reaction. 
The precipitate which appeared on cooling was filtered, 
washed with water and ethanol and dried. 
Chlorobistetrakis(2-methylindolyl)borate iron(III), 
The ligand solution was treated v/ith an aqueous 
solution of the iron(III) chloride in 2:1 molar ratio. To 
ensure completion of the reaction, the contents was refluxed 
for about six hours. On cooling, the precipitated compound 
was isolated by filtration and worked up as described 
earlier. 
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Chlorotetrakis(2-methylindolyl)borato cobalt(II), 
[Co(C3gH^2N^B)Cll 
The compound [Co(Cn^H^^N.B)C1] was prepared by 
refluxing 1.75 mmol of the ligand solution with cobalt(II) 
chloride (1.75 mmol) solution in water. The reaction 
mixture was refluxed for five hours when purple coloured 
complex separated out. The contents were cooled and the 
complex was filtered out, washed with ethanol and finally 
dried. 
Chlorotetrakis(2-methylindolyl)borato nickel(II), 
[Ni(C3gH22N4^)^^^ 
The ligand solution (1.75 mmol) and the aqueous 
solution of the nickel(II) chloride were refluxed for about 
five hours. The resulting solid was filtered, washed with 
ethanol and vacuum dried. 
Chlorotetrakis(2-methylindolyl)borato copper(II), 
[Cu(C2gH22N4B)Cl] 
An aqueous solution of copper(II) chloride (1.75 mmol) 
was added to the ligand solution (1.75 mmol). The mixture 
was refluxed for about five hours. On cooling, the 
precipitate separated and was filtered, washed with water 
and ehthanol and dried under vacuum. The complexation may 
be represented as below 
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2K"^(C2gH22N4B) + MCl^ > [M(C-^^E^^l-i^B) ^Cl] + 2KC1 
w h e r e M = C r ( I I I ) , F e ( I I I ) 
K'^(C^^ll^^^^B)~ + MCI2 > [M(C3gH22N4B)Cl] + KCl 
w h e r e M = M n ( I I ) , C o ( I I ) , N i ( l l ) , C u ( l l ) 
Analyses and physical measurements 
Metal analyses were carried out 
complexometrically (113), carbon, nitrogen and hydrogen 
analyses were obtained microanalytically. Infrared spectra 
(4000-200 cm ) were recorded in KBr on a Perkin Elmer 
621 spectrophotometer. Magnetic susceptibility measurements 
were done by the vibration sample magnetometer (VSTi) 
technique. Diffuse reflectance spectra were recorded on a 
Carl-Zeiss VSU-2P-spectrophotometer using MgO as 
calibrant. 
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RESULTS AND DISCUSSION 
The colour, melting point and analytical results, 
which agree with the proposed stoichiometries of the ligands 
and the metal complexes are summarized in Tables 10-12. 
Since the ligands have been formed by the removal of H from 
NH group (96) there is no absorption band in this region 
(3500-3300 cm" ) , instead a new band appears in the region 
1380-1395 cm"-^  (Tables 13-15) assigned to VB-N (100). A 
doublet observed in the region 2380-2450 cm indicates the 
presence of a B-H bond in dihydrobis(2-methylindoly]) 
borate (114). There appears only one B-H band at 2415 cm 
in hydrotris ligand. The absence of a B-H band in the i.r. 
spectrum of the tetrakis ligand further suggests that all 
the four hydrogen atoms of potassium borohydride have been 
replaced. On the basis of the above observations, the 
structures as shown in Fig. 6-8 may tentatively be suggested 
for these ligands. 
The absorption band at 2860-2930 cm" has been 
assigned to V^H^ mode (123) while the a)C-N mode appears in 
1340-1360 cm region. A considerable negative shift in 
j^ C-N is observed in complexes irrespective of the nature of 
metal ions coordinated. 
In all the complexes a new absorption band in the far 
i.r. region appearing in 385-425 cm"^ range has been 
assigned to the y) M-N frequency (43). 
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79 
Complexes of the dihydrobis(2-methylindolyl)borate 
The observed magnetic moments (3.81 and 5.83 B.M.) for 
Cr(III) and Fo(lII) complexes (Table 16) are within the 
calculated range for an octahedral geometry. The electronic 
spectrum of Cr(III) complex exhibits bands at 23,278 cm 
and 16,730 cm which may reasonably be assigned to 
transitions, respectively. Its lODq, B and & values are 
found to be 16,730 cm , 728 cm and 0.73 respectively. 
In addition to the charge transfer bands Fed II) 
complex also shows ligand field bands at 22,236 cm and 
18,576 cm" assignable to '^ T„ (G) < %\-, and 
^ 2g Ig 
T, (G) 4. A, transitions, respectively characteristic 
of an octahedral geometry for Fe(III) ion. The lODq, B and^ 
have been found to be 15,726 cm , 9 27 cm and 
0.90 respectively. 
The magnetic moments (5.71, 4.67 and 3.05 B.M.) 
observed for Mn(II), Co(II) and Ni(II) complexes indicate a 
tetrahedral geometry for them as has been found in similar 
other cases (117,124). In the case of the Mn (11) complex 
the electronic cpectrum exhibits three bands at 23,818 cm" , 
22,232 cm and 20,218 cm" corresponding to 
4A^(Q) < 6;^ ^^  4T^(C) .g^  6;^ ^ ^^^ 4T^(G) ^ 6;^^ 
transitions, respectively. 
80 
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81 
The magnetic moment value in this case (4.67 B.M.) is 
in the range normally accepted for Co(II) ion with 
tetrahedral configuration. The Co(II) complex shov;s only 
one band at 15,218 cm""^  assigned to the ^T^iV) <r "^^2^^^ 
transition. 
The Ni(II) complex has also been found to exhibit only 
one band at 16,432 cm"''" assigned to the ^T^(P) •< %'-|^ (F) 
transition also supports the above configuration. 
The electronic spectrum of Cu(II) complex shows tv;o 
main bands at 19,230 cm" and 13,930 cm assigned to 
•^ A, 4: ^B, and ^E 4 ^B, transitions, respectively 
Ig Ig g Ig 
for a distorted square planar structure involving chlorine 
bridges has been proposed (Fig. 9). The magnetic moment 
(1.80 B.M.) is also consistent with the accepted value for 
square planar Cu(II) complexes (125). 
Complexes of the hydrotris(2-methylindolyl)borate 
The ^^fj- value (3.79 and 5.86 B.M.) for the Cr (III) 
and Fe(III) complexes (Table 17) lies in the normal range 
for an octahedral geometry (Fig. 10). Reflectance spectrum 
of the Cr(III) complex exhibits three bands at 3 6,4]0, 
24,430 and 17,266 cm""'- assignable to '^T-,^  (P) 4. ^A^ (F), 
^T^g(F) ^ S g ^ ^ ) ^"^ % g ^ ^ ) < S g ^ ^ ^ t r a n s i t i o n s , 
r e s p e c t i v e l y . Tv/o a b s o r p t i o n bands a t 23 ,25 5 cm""^  and 
18 ,336 cm a s s i g n e d t o ^.p ^^^ ^ 6 ^ . 
^g Ig 
H - B - H 
(FIG.9: 
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M = C r { I t I ) o r F e d l l ) 
(FIG.10) 
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4q. (Q) ^ 6^  transitions, respectively refer to an 
Ig Ig 
octahedral geometry for Fe(III) ion (116). 
The room temperature magnetic moment of Mn(II) complex 
(5.65 B.M.) is slightly less than the normal value for five 
unpaired electrons. It may be attributed to the 
magnetically non-dilute nature of the complex. There are 
tv70 weak bands (21,740 and 24,635 cm" ) assignable to 
4rp (Q) ^ 6^  ^^^ '^ A^ (G) < ^A^ transitions, 
respectively, besides a charge transfer band appearing at 
40,478 cm""^ . 
The magnetic moments observed for the Co(I I) and 
Ni(II) complexes (4.71 and 3.12 B.tl.) are close to those 
expected for tetrahedral geometry (126). The electronic 
spectrum of Co(II) complex exhibits one main band at 
16,130 cm""*" attributable to '^ T^ (F) < "^^2^^^ transition 
followed by a weak shoulder at 17,240 en . The Ni(II) 
complex shows an absorption band at 16,290 cm assigned to 
•^ T,(P) < -^T,(F) transitions v/hich is characteristic of 
a tetrahedral structure for Ni(II) ion. 
In the case of Cu(ll) complex, the n ^^ value of 
1.76 B.M. is v/ithin the range of square planar Cu(II) 
complexes. The electronic spectrum displays tv/o bands at 
17,260 and 15,835 cm" assigned to ^g ^ 2g . 
2g Ig 
2 7 
^Ig '^ ^ig transitions, respectively. In addition, a 
weak broad band at 11,666 cm" is characteristic of a square 
85 
planar geometry for Cu(II) ion. 
Complexes of the tetrakis{2-inethylindolyl)borate 
The observed magnetic moments (3.67 and 5.46 B.M.) for 
Cr(III) and Fe(III) complexes (Table 18) are slightly less 
than the calculated values for an octahedral environment of 
ligands around these ions. This lowering in magnetic moment 
values might be due to the antiferromagnetic interaction in 
these complexes. The reflectance spectrum of the Cr(III) 
_1 -.1 
complex shows two bands at 36,516 cm and 2 4,390 cm 
assignable to spin allowed transitions '*T, (P) -i A2 (F) 
and "^ T-, (F) < '^ A„ (F), whereas, the appearance of two 
Ig 2g 
weak bands at 15,318 cm~"'" and 18,603 cm" in the Fe(III) 
complex is assigned to T, (G) < A, and 
E (G) < A-, transitions respectively. 
g Ig 
The experimental magnetic moment value (5.83 B.M.) for 
the Mn(II) ion in the complex is in consonance with the spin 
only value of 5.9 2 B.M, for an octahedral manganese(II) ion 
with A^ ground term. The weak bands at 25,641 cm"''' and 
18,868 cm" assigned to ^A, (G) < ^A, and 
'^ Ig^ *^ ^ "^  ^Iq transitions, respectively support an 
octahedral geometry for the Mn(II) ion (127). The IGDq, B 
and ^ have been evaluated 8558 cm'"'', 7 78 cm"^ and 0.81 
respectively, 
^^^ Aeff. ^^l^e (4.83 B.M.) of Co(ll) complex 
deviates from the spin only value (3.83 B.M.) for an 
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octahedral metal environment in the high spin state 
indicating T, ground term with large orbital moment 
contribution. The bands at 18,518 and 13,888 cm have been 
assigned to "^ T^  (P) < '^ T^  (F) and ^A^ (F) < '^ T^  (F) 
transitions, respectively. The lODq, B and y3 values have 
been computed as 8,648 cm , 941 cm and 0.78 respectively. 
There are three additional bands in the Ni(II) complex 
at 8,202, 14,322 and 20,202 cm assignable to the 
transitions ^T_ (F) < \ „ (F), ^ T, (F) < •^A„ (F) and 
2g 2g Ig 2g 
"-^T, (P) 4: -^ A„ (F) respectively in an octahedral geometry'. 
However, its fx ^r- value (2.83 B.M.) is slightly lower than 
that expected for an octahedral geometry (128). 
In addition, the Cu(II) complex shows two main bands 
at 18,518 and 16,260 cm along v;ith a shoulder at 
14,278 cm . These can be assigned to crystal field 
transitions of the Cu(II) ion in a distorted square planar 
geometry. The Jil^^ff value of 1.85 B.M. for this complex 
also supports the proposed configuration. 
C H A P T E R -
Synthesis and Characterization of 
Poly(5-nitroindolyl)Borate Complexes of Some 
Transition Metal Ions. 
88 
EXPERiriENTAL 
Starting Materials 
5-Nitroindole (E.Merck), the metal chlorides and 
potassium borohydride (all BDH, AnalaR) v/ere used as 
received. Dimethylformamide (E.Merck) was dehydrated before 
distillation by keeping over potassium hydroxide for about 
tvjo days. 
Preparation of potassium dihydrobis(5-nitroindolyl)borate 
Potassium borohydride (6.15 mmol) and 5-nitroindole 
(12.30 mmol) were mixed together and refluxed in DMF 
(^40 ml) till the calculated amount of hydrogen gas was 
evolved. The reaction mixture after cooling to roan 
temperature yielded a colourless solid. The solid thus 
obtained was filtered, washed and dried under vacuum. 
Decomposition temperature 305°C, Yield 58%. 
Preparation of the complexes 
The complexes v/as prepared by mixing hot aqueous 
solutions of 2.67 mmol of divalent metal chlorides MnCl^, 
C0CI2, NiCl2, CUCI2 and 1.3 3 mmol of trivalent metal 
chlorides CrCl^, FeCl^ and the stoichiometric amount of the 
ligand (2.67 mmol) in aqueous dimethylformamide (1:1). The 
mixture was refluxed for about 6-7 hours. The complex 
89 
separated out on cooling in each case. This v/as then 
filtered, washed with absolute alcohol and dry ether and 
dried in a vacuum desiccator. 
Decomposition temperature 300° - 320°C, Yield 60-69%. 
The complexation reactions may be represented as below 
2K+(C^gH^2N404B)' + MCI3 ^ [niC^^K^^U^O^B)^Cl] + 2KC1 
where r. = Cr(III), Fe(III) 
^'^^^16"l2^4°4^^" + MCI2 > [M(C^gH^2N4°4^^^^^ ^ ^^^ 
where M = Mn(II), Co(II), Ni(II), Cu(II) 
Preparation of potassium hydrotris(5-nitroindolyl)borate 
The ligand v;as prepared by refluxing 12.30 mmol of 
5-nitroindole with potassium borohydride (4.10 mmol) in dry 
Dr4F (^50 ml) for thirty six hours till the evolution of 
hydrogen gas ceased. On cooling the contents, the white 
potassium hydrotris(5-nitroindolyl)borate separated out. 
This v/as then filtered, washed and dried under reduced 
pressure at room temperature. 
Decomposition temperature 315°C, Yield 55%. 
Preparation of the complexes 
Divalent and trivalent metal chlorides and the ligand 
were mixed in 1:1 (1.87 : 1.87 mmol) and 1:2 
(0.93 : 1.87 mmol) (M:L) ratios respectively in aqueous 
90 
DMF (^ 40 ml) and refluxed for about 7-8 hours. The solid 
V7hich appeared v/as filtered off, v/ashed with distilled 
v;ater, and dried in vacuo. 
Decomposition temperature 310° - 325°C, Yield 58-67%. 
The complexation reactions may be represented as below 
2K+(C24H^gNgOgB)- + MCI3 > [ iK C^ .H^gNgO^B ) ^ Cl ] -V 2KC1 
where M = Cr(III), Fe{III) 
^•'^^24«16^6V)' -^  "^'2 ^f^'^(C24«16"6°6^)^l^ ^ -^^ 
where Fi = Mn(Il), Co(II), Ni(II), Cu(ll) 
Preparation of potacsiura tetrakis(S-nitroindolyl)borate 
A mixture of potassium borohydride (3.08 mmol) and 
5-nitroindole (12.32 mmol) dissolved in ^30 ml DMF were 
heated under reflux till the calculated amount of hydrogen 
gas v/as evolved. The solution after cooling yielded a 
colourless solid which was filtered, v/ashed repeatedly and 
dried in vacuo. 
Decomposition temperature 310°C, Yield 49%. 
Preparation of the complexes 
Hot ligand solution in aqueous DMF v/a s added to the 
hot metal chloride in the same solvent ( '-^ 40 ml) in 1;1 
(metal:ligand) ratio (1.44 : 1,44 mmol) for divalent and 1:2 
(metal:ligand) ratio (0.72 : 1.44 mmol) for trivalent metal 
91 
ions and refluxed for about 7 hours. They yielded the sarae 
compound even when they \7ere taken in varying ratios. The 
resulting solid v/as filtered, washed and finally vacuum 
dried. 
Decomposition temperature 305° - 325°C, Yield 56-64%. 
The complexation reactions may be represented as below 
2K'^(C22"20^8°8®^~ "^  ^ '^''•3 ^ ^ ^'^^ ^ 32^2 o'^8°8® ^  2'^ "^ ^ "^  ^ '^^ ^ 
where M = Cr(III), Fe(III) 
K^(C32H2o'^8°8^^ "^  ^''^•'•2 ^ '^ '^'^ ^^ 32"20^ 8^°8^ ^^ "'" ^  "'" ^^ •'' 
where M - findl), Co(II), Ni(II), Cu(II) 
Analyses and physical measurements 
Elemental analyses for carbon, hydrogen and nitrogen 
\;ero carried out v/ith a Thomas and Coleman analyser, 
Carlo Erba 1106. rietals were estimated by complexome tri c 
titration v;ith standard EDTA solution (113). The infrared 
spectra (4000-200 cm ) were recorded as Nujol mulls on a 
Perkin-Elmer 621 spectrophotometer. riagnetic susceptibility 
measurements were carried out on a vibrating sample 
magnetometer model 155. Diffuse reflectance spectra were 
recorded on a Carl-Zeiss VSU-2P spectrophotometer using flgO 
as calibrant. 
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RESULTS MID DISCUSSION 
The colour, decomposition temperature and elemental 
analyses which agreed v/ell v/ith the stoichiometries of the 
ligands and their metal complexes are summarized in 
Tables 19-21. In the formation of the dihydrobis-, 
hydrotris- and tetrakis(5-nitroindolyl)borates ligands tuo, 
three or four 5-nitroindole molecules are substituted into 
the borohydride moiety which proceeds with the evolution of 
corresponding moles of hydrogen gas according to the 
follov;ing equation 
KBH, + "(CgHgN^O^) 7;^K-*-[H4_^3(C3H5N202)J- ^ nH^ 
where n = 2, 3 or 4 
These ligands v;ere characterized by analysing their 
infrared spectra (Tables 22-24). The absence of any band in 
the region 3400-3000 cm rules out the presence of N-H 
group in all these ligands (96). The appearance of broad 
multiplet in the region (2360 - 2430 cm ) indicates the 
presence of a B-H„ bond in dihydrobis ligand. Kov/ever, a 
medium intensity band observed at 2395 cm" shows the 
presence of a single B-H bond in hydrotris ligand, whereas, 
in the case of tetrakis ligand no band in this region v/a s 
obtained v;hich indicates that all the four hydrogens of the 
borohydride moiety have been replaced. A ne\^7 band in the 
region 1390 - 1375 cm" in all the ligands is attributed to 
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B-N bond formation (100). The ring stretching frequencies 
and other characteristic absorption bands of indole appear 
at their appropriate positions. The C-N stretching 
frequency (115) in the region 1350 - 1360 cm v/as observed 
to be shifted to lower wave-numbers in all cases suggesting 
coordination through the nitrogen atom. In the light of the 
above discussion the structure of these ligands may be 
represented by figures 11, 12 and 13 respectively. 
The new bands observed in all the complexes in the far 
i.r. spectra in the region (370 - 420 cm ) are tentatively 
assigned to M-N stretching vibrations (41). 
Complexes of the dihydrobis(5-nitroindolyl)borate 
The observed magnetic moment of 3.89 B.M. of the 
Cr(III) complex (Table 25) is quite close to that expected 
for an octahedral geometry (Fig. 14). The electronic 
spectrum exhibits one band at 15,691 cm assignable to 
'T^ (F) < A^„ (F) transitions besides tv/o charge 
2g 2g ^ 
transfer bands at 40,816 and 27,777 cm~ respectively. 
A yUeff values of 5.82 B.M. for the bin ill) complex 
indicates the presence of a high spin nn(II) ion (116). A 
tetrahodral configuration around the metal ion is confirmed 
from its elect-ronic spectrum where three characteris cic 
bands at 25,641, 24,729 and 18,903 cm"^ have been assigned 
to 4A^(G) < 6^^^ ^T^iG) < 6^ ^ ^^^ 4T^(Q) ^ 6^ 
100 
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(FIG.11) 
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transitions, respectively. These spin forbidden transitions 
are helpful in computing important ligand field 
parameters. 
The electronic spectrum in the case of Fe(III) complex 
particularly did not turn out to be very useful m 
confirming the proposed geometry as the d-d transitions for 
Fe(III), S - 5/2 v/ith a "A, ground term, are both spin and 
Laporte forbidden hence, they are very \/eak. In absence of 
the electronic spectral assignment magnetic moment values 
only have been of help. The yUg^f of 5.79 B.M. is however, 
with the limit of Fe(III) ion in an octahedral 
geometry (Fig. 14). 
O2N 
O2N 
NO2 
M r C r C r r r ) or FeCn i ) 
( F I G . U ) 
103 
The magnetic moments (4.70 and 3.11 B.M.) observed for 
the Co(II) and Ni(II) are within the range normally accepted 
for the tetrahedral geometry for these ions. Only one band 
for Co(II) complex at 16,121 cm corresponding to 
'^T-,(P) ^ '^ A^„(F) transition could be observed as the 
other expected Low energy band (10,000 - 6,000 cm ) was out 
o f the range of the available instrument. The Ni(II 
complex showed two bands at 17,2 41 and 15,151 cm v;hich are 
considered to bo split components of a single transition 
^T^(P) < ^T^(F). 
Although a range of 1.7 3 - 2.2 B.M. has been reported 
for Cu(II) complex with an organoborate ligand the increase 
in magnetic moment value in such cases may also be due to 
either M-M interactions or spin-orbit coupling via super 
exchange phenomena (129). Since both the situation are 
equally valid in this case the latter seems to favour more 
for such an Increase. The value of 1.85 B.fl. in this 
particular case supports the above arguments for a square 
planar Cu(II) ion. Two d-d bands are observed at 14,925 and 
18,857 cm corresponding to the transitions ^A, •* B^ 
Ig Ig 
and ^E -^^  "'^ Iq respectively also support a square 
planar geometry for Cu(ll) ion. 
Complexes of the hydrotris(5-nitroindolyl)borate 
The observed magnetic moment (3.86 B.M.) for the 
Cr(III) complex (Table 26) is close to that calculated for 
104 
an octahedral geometry for Cr(III) metal ion. The 
electronic spectrum shows bands at 17,241 and 24,390 cm 
assignable to '^ T2 (F) < '^ 2^g^ ^^  ^ ^ ^^Ig^^^ '^ '^ 2g^ '^ ^ 
transitions, respectively which are characteristic of an 
octahedral geometry. 
The observed magnetic moment for the Mn(II) complex is 
5.80 B.tl. and is also very close to that calculated for the 
metal ion in a tetrahedral environment. This has been 
further substantiated by the appearance of tv70 bands at 
24,096 and 21,560 cm~ assigned to ^A^(G)«< ^ A^^ and 
•^ T, (G) < A^-, transitions, respectively. 
The Fe(IT.I) complex has a magnetic moment value of 
6.1 B.M. corresponds to a high spin octahedrally coordinated 
geometry around the metal ion. In addition the spectral 
bands at 23,530 and 18,518 cm assigned to 
'^ T2 (G) < ^A^ and '^ Tj^  (G) <, ^A^ transitions, 
respectively also support the above stereochemistry for 
Fe(III) ion. 
The magnetic moment of 4.43 B.Ti. for the Co(II) 
complex indicates a tetrahedral geometry around the metal 
ion. The band observed at 15,735 cm""'- has been assigned to 
4 4 
T^(P) -« ^2^^^ transition. The two higher energy 
absorptions at 41,251 and 19,780 cm~^ seems to be charge 
transfer bands. 
The Ni(ll) complex has a magnetic moment of 3.0 2 B.M. 
indicating a tetrahedral geometry. The weak band observed 
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-1 3 3 
at 17,390 cm assigned to T-^ (P) < T^(F) transition 
is characteristic of a tetrahedral geometry for Ni(II) ion. 
Besides, a strong charge transfer band at 42,553 cm has 
also been observed. 
The Cu(II) complex shows a magnetic moment of 
1.82 B.M. characteristic of a square planar complex (130). 
The two bands observed in the electronic spectrum at 
17,241 and 15,814 cm" are reasonably assigned to 
^B^ < ^B, and ^A, <: B, transitions with a 
2g Ig Ig Ig 
charge transfer band at 38,461 cm 
Conplexes of the tetrakis(5-nitroindolyl)borate 
The observed magnetic moments (3.79 and 5.80 B.M.) for 
Cr(III) and Fe(III) complexes (Table 27) are indicative of 
an octahedral environment around these ions. This array has 
been further supported by the absorption bands observed in 
their electronic spectra. The reflectance spectrum of the 
Cr(III) complex shows two spin allowed transitions 
"^T (F) < ^Ao^(F) and '^T„^(F) < '^ A. (F) respectively, 
-i-y zg ^g /.y 
whereas the appearance of only one band in the Fe(III) 
complex is assigned to '^T„^(G) < ^A, transition. 
2g Ig 
The electronic spectrum of the Tin (II) complex is 
suggestive of an octahedral geometry. The absorption bands 
at 26,500, 24,096 and 19,047 cm"^ have been assigned to 
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transitions, respectively. The presence of quartet and 
doublet T terms in the exited states and the absence of 
higher terms of sextuplet multiplicity make these 
transitions spin forbidden and hence weak. 
There is a strong charge transfer band at 40,000 cm 
in Co(II) complex. Other bands at 21,540 and 18,920 cm 
assigned to '^T^^(P) -6 "^ "^ Ig^ ^^  ^ "^ '^^2g^^^ "^  '^^Ig^^^ 
transitions, respectively support an octahedral geometry for 
this complex. 
In t h e c a s e of N i ( I I ) complex t\/o bands o b s e r v e d a t 
25 ,324 and 14 ,476 cm" have been a t t r i b u t e d t o 
^T, .(P) < -^ A (F) and -^T, (F) < ^A^ (F) t r a n s i t i o n s , 
XCj zcj xg ^g 
respectively. This observation is in consonance with an 
octahedral geometry for Ni(II) ion (131). 
The electronic spectrum of Cu(II) complex shows a 
strong band at 18,810 cm" alongwith a shoulder at 
14,705 cm which may be assigned to ^E < ^B, and 
g Ig 
2 2 J ^ 
^Ig "* ^i^^ transitions, respectively. This observation 
and the yUL^ ff^  value of 1.78 B.M. are consistent with a 
distorted square planar configuration. 
C H A P T E R - VI 
Transition Metal Complexes of Potassium 
Dihydrobis-, Hydrotris- and Tetrakis 
{thiophenolyl)Borate Anions. 
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EXPERIMENTAL 
Materials and Methods 
Thiophenol (Fluka, AG), metal salts (BDH, AnalaR) and 
potassium borohydride (BDH) were commercially pure samples 
and were used as received. Dimethylformamide (E.rierck) was 
dried over KOH and vacuum distilled. 
Preparation of dihydrobis(thiophenolyl)borate 
Potassium borohydride (0.20g, 3.70 mmol) and 
thiophenol(0.761 ml, 7.40 mmol) were refluxed in dry 
DMF ( ^^ 20 ml) for about 12 hours, until 7.40 mmol of 
hydrogen gas had been evolved. This reaction mixture on 
cooling to room temperature yielded a colourless crystalline 
solid which was filtered, washed with dry ether and dried 
under vacuum. 
Decomposition temperature 285°C, Yield 61%. 
Preparation of the complexes 
Trisdihydrobis(thiophenolyl)borate chromiura(III) , 
f^-(^12"l2^2^)3^ 
An alcoholic solution of chromium(III) chloride 
(3.96 mmol) \mB slowly added to an appropriate saturated 
ligand solution (11,88 mmol) and stirred for about 8 hours. 
The product was filtered, washed and dried in vacuo. Yield 69%. 
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Bisdihydrobis (thiophenolyl)borate manganese(II), 
[fln(C^2«12^2^)2i 
V/hen a solution of manganese (I I) chloride (3.96 mrnol) 
in ^ 30 ml of ethylalcohol v/as added to ligand solution 
(7.92 mmol) in -v-SO ml of absolute alcohol and stirred for 
about 6 hours. A pink solid appeared v;hich v/as isolated, 
washed with ether and vacuum dried. Yield 71%. 
Trisdihydrobis(thiophenolyl)borate iron(III), 
[Fe(C^2Hl2S2^^3^ 
This conplex was prepared by addition of an alcoholic 
solution of the ligand (11.88 mmol) to iron(III) chloride 
(3.96 mmol) in ^60 ml of aqueous ethanol and stirring for 
about 7 hours. The solid thus obtained was filtered, v/ashed 
and dried. Yield 65%. 
Bisdihydrobis(thiophenolyl)borate cobalt(II), 
[Co(C^2«12^2S^2l 
The pink coloured cobalt(II) complex of 
dihydrobis (thiophenolyl) borate v/as prepared by mixing an 
ethanalic-solution of the ligand (7.92 mmol) v/ith cobalt 
chloride solution (3.96 mmol) in ^30 ml of ethyl alcohol. 
A precipitate appeared after few hours on stirring, v/hich 
was then filtered off and dried in vacuo. Yield 67%. 
Ill 
BisdihydrobisCthiophenolyl)borate nickel(II), 
[Ni(C^2«12^2^)2] 
This complex was prepared by the procedure described 
for cobalt(II) compound by adding alcoholic solution of 
nickel chloride (3.96 nmol) to the ligand (7.92 mmol) 
alcoholic solution. Yield 56%. 
Bisdihydrobis(thiophenolyl)borate copper(II), 
[Cu(C^2«12^2^)2] 
A mixture of 7.9 2 mmol of ligand and copper chloride 
(3.96 mmol) was stirred in »«50 ml of absolute alcohol for 
about 6 hours. The resulting solid was filtered, v;ashed 
with ether and vacuum dried. Yield 68%. 
Preparation of hydrotris(thiophenolyl)borate 
Potassium borohydride (0.20g, 3.70 mmol) and 
thiophenol (1.14 ml, 11.10 mmol) were refluxed in dry 
DKF ( ^ 30 ml) for 24 hours, until 11.10 mmol hydrogen gas 
had been evolved. On cooling the contents a white 
crystalline solid separated out. This \/as filtered off, 
washed with ethanol and dried under reduced pressure at room 
temperature. 
Decomposition temperature 295°C, Yield 58%. 
.J.Z 
Preparation of the complexes 
Trishydrotric (thiophenolyl)borate chromiiiin( III) , 
[Cr(C^gH^gS3B)3l 
A raixture of 8.4 9 nmol ligand solution and 2.83 mr.iol 
of chror.iiuin chloride \ias stirred in «^ 60 :al of absolute 
alcohol until the solid v/as precipitated. It v/as isolatcxT, 
washed v/ith ether and vacuum dried. Yield 64%. 
BishydrotriG(thiophenolyl)borato manganese(II), 
[Mn(C^3H^gS3B)2] 
To a solution of 5.5 6 mmol of ligand \/as added 
2.83 nmol of finCl^  solution in ^60 ml of ethyl alcohol. 
The mixture was stirred for aloout 6 hours. The product \/a s 
filtered off and dried. Yield 69%. 
TriGhydrotris( thiophenolyDborato iron (III) , 
[Fe(C^gH^gS3B)^] 
To a mixture of -^ 30 ml ligand solution (8.49 mmol) in 
absolute alcohol was poured •'^ SO ml of ferric chloride 
solution (2.83 mmol) in absolute alcohol and the mixture \;a s 
stirred for about 7 hours. The solid was removed by 
filtration, \/ashed \7ith ether and finally dried. Yield 67 o. 
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Bishydrotris(th iophenolyl)borate cobalt(II), 
[Co{C^gH^gS3B)2J 
A solution of 2.83 mno] of cobalt chloride in ^25 ral 
of alcohol was added to 5.66 mmol of the ligand in 25 ml of 
absolute alcohol, v;hich, after stirring for 6 hours gave a 
pink solid. It was filtered, washed and vacuum dried. 
Yield 64%. 
Bishydrotris{thiophenolyl)borate nickel(II), 
[Ni(C^gH^gS3B)2] 
An alcoholic solution of the ligand (5.66 mrnol) \ras 
mixed with an alcoholic solution of nickel chloride 
(2.83 mmol) and stirred for about 6 hours. It yielded a 
green coloured solid. It \7as isolated and dried in the 
usual manner. Yiold 66%. 
Bishydrotris(thiophenolyl)borate copper(II), 
[Cu(C^gIl3^gS3B)2] 
A mixture of hydrotris(thiophenolyl)boratc (5.56 mmol) 
and copper chloride (2.83 mmol) v/as stirred for about 6 
hours in -^ SO ml absolute alcohol. It v/as filtered, VN?ashod 
with ether and dried in vacuo. Yield 70%. 
Preparation of totrakis(thiophcnolyl)borate 
Potassium borohydride (0.20g, 3.70 mmol) and 
thiophenol (1.52 ml, 14.78 mmol) were refluxed in dry 
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DMF ( v^ 4 0 ml) for about 36 hours, until calculated amount of 
hydrogen gas had been evolved. The mixture yielded a 
colourless crystalline solid on cooling. This v/as filtered 
off, washed with ethanol and dried under vacuum. 
Decomposition temperature 300°C, Yield 5 5%. 
Preparation of the complexes 
Tristetrakis(thiophenolyl)borate chromium(III), 
[Cr(C24H2oS^B)3] 
The ligand solution (6.60 mmol) was added to an 
alcoholic solution of chromium chloride (2.20 mmol) in 
equimolar ratio. It was stirred for about 7 hours. The 
solid thus obtained \/as filtered, washed with ethanol and 
dried in vacuo. Yield 66%. 
BistGtrakis(thiophenolyl)borate nanganesedl), 
[to(C24ll2oS4B)2] 
The [Mn (C^ .lI^ pS .B) „ ] complex was prepared by nixing 
4.40 mmol of ligand solution and MnCl„ (2.20 mmol) in ^50 ml 
of absolute alcohol and the mixture stirred for about 7 
hours. The compound formed was filtered and driec^ l. Yield 69%. 
Tristetrakis (thi ophejxjlyl) borato irtjn (III), 
f^^<^24"20V)3l 
A mixture of ligand solution (6.60 mmol) in ethyl 
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alcohol and FeCl, solution (2.20 mmol) in ^30 ml of ethyl 
alcohol was stirred for about 6 hours. A bro\/n solid 
separated out v;hich was filtered, washed with ethanol and 
dried in vacuo. Yield 64%. 
Bistetrakis(thiophenolyl)borate cobalt(II)r 
A mixture of 4.40 mmol of tetrakis(thiophenolyl)borate 
and 2.20 mmol of cobalt chloride v/as stirred in ^50 ml of 
absolute alcohol for about 6 hours. The product v;as 
filtered, washed v;ith ethanol and ether and vacuum dried. 
Yield 62%. 
Bistetrakis(thiophenolyl)borate nickel(II), 
[Ni(C24H2oS4B)2] 
An alcoholic solution of the ligand was added to metal 
chloride dissolved in the same solvent in a 1:2 metal to 
ligand ratio. It v/as stirred for about 6 hours. The green 
complex so formed v/as isolated in the same way as described 
earlier. Yield 64%. 
Bistetrakis(thiophenolyl)borate copper(II), 
tC^(S4»20V)2l 
A solution of tetrakis(thiophenolyl)borate (4.40 mmol) 
and copper chloride (2.20 mmol) in -30 ml of absolute 
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alcohol was stirred until the blue solid \/as obtained. It 
was filtered, washed \;ith alcohol and ether and finally 
dried in desiccator. Yield 68%. 
Analyses and physical measureniGnts 
The carbon and hydrogen analyses were carried out with 
a Thomas and Coleman analyser, Carlo Erba 1106. The 
estimation of sulphur \;as done gravime trical ly (111). The 
metals V7ere estimated by complexometric titration against 
EDTA (113). The infrared spectra were recorded as Nujol 
mull betv;een KBr discs in the 4000-200 cm region on a 
Perkin-Elmer 621 grating spectrophotometer. The diffuse 
reflectance spectra were recorded on a Carl-Zeiss 
VSU-2P spectrophotometer using MgO as calibrant. Magnetic 
susceptibility measurements \;ere done v/ith a vibration 
sample magnetometer model 15 5 at room temperature. 
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RESULTS AND DISCUSSION 
In the preparation of the ligands potassium 
dihydrobis-, hydrotris- and tetrakis(thiophenolyl)borates, 
two, three or all hydrogen atoms of the borohydride ion 
along with the hydrogen atoms of two, three or four 
thiophenol molecules are replaced according to the followin9 
reactions 
KBH, + nPhSll ^ •> K [H. B(SPh) ] + nH„ 
4 reflux 4-n n 2 
n = 2, 3 or 4 
The results of elemental analyses and other physical 
measurements are listed in Tables 28-30. These agree well 
with the proposed composition of the compounds. The 
probable structure of these ligands is shown in Figs. 15-17. 
The infrared spectra (Tables 31-33) of the 
organoborates do not show any absorption in the 
2600-2500 cm region, which would be characteristic of 
'V'(S-H) (132). However, a nev/ band appearing in the region 
980-940 cm has been assigned to the B-S stretching 
frequency (104) v/hich is absent in the free thiophenol. A 
doublet at 2410 cm" and 2390 cm" due to tv/o B-H bonds has 
been observed in potassium dihydrobis(thiophenolyl) 
botrate (114). The observed B-H singlet at 2420 cm"''" for 
hydrotris and non appearance of the B-H peak for tetrakis 
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salt show the presence, respectively, for one and no 
hydrogen atom attached to boron. The C-S absorption 
band (103) in the range 705-675 cm" in the free ligand 
shows only a negligible negative shift on complexation 
probably due to delocalization of electrons over the entire 
system. 
The new bands observed in the far infrared spectra of 
the complexes in 380-350 cm" region are tentatively 
assigned to raetal-sulphur stretching frequency (108). 
Complexes of the dihydrobis(thiophenolyl)borate 
The magnetic moments (3.80 3.M. and 5.84 B.K.) 
observed for the Cr (III) and Fe(III) complexes are \7ithin 
the expected range for an octahedral geometry (Fig. 18) for 
these ions (116). The electronic spectrum (Table 34) of the 
Cr(lII) complex exhibits weak bands at 23,260 and 
16,666 cm \/hich may reasonably be assigned to 
T^ (F) < ^^^20^^^ ^"^ '^ '''2q^ ^^  ^  ^^ 2^ ^^ ^ transitions, 
respectively. Likewise, the Fe(III) complex exhibits tv;o 
well resolved bands at 23,255 and 20,202 cn""^  assignable to 
T2^(G) < ^A^^ and ^T^g(G) < ^A^ transitions 
respectively, characteristic of an octahedral array of 
ligands around the metal. The magnetic moment of 5.84 F5.n. 
also indicates that it is a high spin complex. 
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The observed magnetic raoment for the Mn(II) complex is 
5.78 B.n. which could not be unambiguously assigned as the 
range of theoretical n ,^  values is very close for both the 
tetrahedral and octahedral geometries. Furthermore, the 
electronic spectrum consists of bands arising out of spin 
forbidden transitions which would have the same ground state 
term A, for both the octahedral and tetrahedral geometries. 
Hov/ever, by a comparison of the band positions to those for 
Mn(II) reported earlier (45), a tetrahedral geometry may be 
assigned to this complex. 
The magnetic moments (4.74 B.M. and 2.92 B.M.) 
observed for the Co(II) and Ni(II) complexes indicate a 
tetrahedral geometry (117). In the case of the Co(II) 
complex the strong band at 40,816 cm in the reflectance 
spectrum is a charge transfer band. A medium band at 
-1 4 4 
15,151 cm assigned to T,(P) < ^2^^^ transition 
supports a tetrahedral geometry for the Co(II) ion. The 
reflectance spectrum of the Ni(II) complex shows no band 
below 15,000 cm . Only one broad band at 16,394 cm has 
3 3 
been observed. This band assigned to T,(P) < T,(F) 
transition is in favour of a tetrahedral geometry for the 
Ni(Il) ion. 
It is difficult to distinguish betv/een a square planar 
and a tetrahedral geometry for the Cu(II) ion on the basis 
of d-d transitions alone, as these will occur in the same 
region for both geometries. The magnetic moment value of 
1.81 B.n. and the electronic spectrum indicate a square 
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planar structure for the Cu(II) complex (Fig. 19), as has 
also been found in the crystal structure of the diraeric 
hydroxamate complex of copper(II) (118). However, a 
distortion in the anticipated square planar geometry for 
this complex can not be ruled out. 
Complexes of the hydrotris(thiophenolyl)borate 
In the case of Cr(III) and Fe(III) complexes the 
observed magnetic moments (3.77 B-M. and 5.88 B.M,) are 
quite close to the calculated value for an octahedral 
geometry with 'A' ground term. The reflectance spectrum 
(Table 35) of the Cr(III) complex exhibits two bands at 
38,461 and 25,000 cm""^  assignable to '^^^^(P) <: '^ A^  (F) 
and T-, (F) < A„ (F) transitions, respectively. In 
Jg 2g 
Fo(III) complex two bands at 23,148 and 18,018 cm have 
been observed. These bands are assigned to 
"^ T^  (G) < *">,, and T, (G) < ^A, transitions, 
2g Ig Ig Ig 
respectively characteristic of an octahedral geometry (116). 
The magnetic moment value of 5.58 B.n. for the tin (11) 
complex is slightly less than that required for five 
unpaired electrons in tetrahedral geometry. The v/eak bands 
at 24,635 and 21,739 cm"-*" assigned to -A-L(G) <: h^ and 
T2(G) < A^g transitions, respectively, support a 
tetrahedral geometry for the fin (II) ion. 
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The magnetic moment value for the Co(II) complex 
(4.58 B.ri.) indicates a quartet state (S = 3/2), which may be 
obtained for a v/eak field octahedral or a tetrahedral 
geometry nevertheless the jx ^^ value lies close to that 
expected for a tetrahedral geometry (133). Spectral bands 
at 21,539 and 18,867 cm""^  assigned to ^T^ (P) < ^T^ (F) 
and A„ (F) < T, (F) transitions, respectively also 
support a tetrahedral geometry for this complex. 
The Ni(II) complex has a magnetic moment (2.81 B.M.) 
normally observed for tetrahedral Ni(II) ion. The observed 
band at 16,260 cm in the electronic spectrum of the Ni(II) 
3 3 
complex is due to the T,(P) 4 T^(F) transition, 
characteristic of a tetrahedral structure. 
The Cu(II) complex has a magnetic moment value of 1.90 B.Ii. 
The electronic spectrum exhibits charge transfer band at 
37,735 cm . However, the v;eak bands observed at 17,240 and 
-1 2 2 2 2 16,12 9 cm assigned to B„ < B, and A, < 3, J 2g Ig Ig Ig 
transitions respectively, together with a weaJi hump at 
12,195 cm are characteristic of square planar geometry for 
9 
the d system. 
Coraplexes of the tetrakis(thiophonolyl)borate 
The observed magnetic moments for Cr(III) (3.78 B.M.) 
and Fe(lII) (5.64 B.M.) complexes (Table 36) are indicative 
of an octahedral geometry. The magnetic moments are 
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somewhat lower than the theoretical values. The observed 
ligand field bands at 24,096 and 36,363 cm for the 
4 4 
chromium (I II) complex may be assigned to T^ (F) ^  A2 (F) 
and '^ T. (P) < A_ (F) transitions, respectively, 
Ig 2g 
3 
characteristic of d ion in an octahedral environment. In 
the case of Fe(III) complex the observed bands at 22,222 and 
18,518 cm" are consistent with the transitions 
'^T^  (G) < ^A, and ^T, (G) < A, respectively, 
2g ig ig ig 
v/hich may be probably due to equilibrium betv/een high and 
lov; spin states. 
The experimental magnetic moment value (5.84 B.fl.) for 
the nn(ll) ion in the complex is consistent with the spin 
only value of 5.^2 B.M. for an octahedral r'n(II) environment 
with an A, around term. The v/eak bands at 25,625 en Ig 
24,775 cm""'' and 18,822 cm" assigned to '^ A^  (G) < A^ , 
^E (G) < *"'A, and "^ T, (G) < ^A, transitions, 
g Lg Ig Ig 
respectively, support an octahedral geometry (134) for the 
manganese(II) ion. 
The yU-gf^ r value (4.78 B.n.) of Co(II) in the complex 
deviates from the spin only value (3.83 B.U.) for an 
octahedral metal environment in the high spin state 
indicating a T-, ground term v/ith large orbital moment 
contribution. The bands at 22,222 and 19,267 cm"^ have been 
assigned to ^''^-^^iP) < '^^^^(F) and "^A^ (F) < ^'^lo^^^ 
transitions, respectively characteristic of d^ ion in an 
octahedral environment (135). 
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The observed ti __ value for the Ni(II) ion 
/l^eff. 
(2.89 B.M.) is close to the value known for an octahedral 
nickel (II) ion. The two bands at 24,390 and 14,705 cm" 
3 3 
have been asssigned to T, (P) < A^ (F) and 
3 3 T, (F) < A„ (F) transitions, respectively, Ig 2g ^ ^ 
Q 
characteristic of octahedral geometry for the d system. 
The observed magnetic moment of 1.87 B.M. for the 
Cu(II) complex may be explained on the basis of a square 
planar structure for the complex. This geometry is further 
supported by the observed electronic spectrum of the solid 
complex v/hich shows v/eak bands at 18,857 and 14,9 25 cm 
2 2 2 2 
assignable to E < B, and B- < B, 
^ g Ig 2g Ig 
transitions, respectively. A weak broad band observed at 
12,500 cm is characteristic of square planar geometry for 
9 
the d system (125). 
C H A P T E R - VII 
Synthesis and Ligand Properties of Potassium 
Bis(bismuthiol-I-yl)Borate Anion Towards Some 
Transition Metal Ions. 
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EXPERIMENTT^L 
Starting Materials 
2,5-dimercapto-l,3,4-thiadiazole(Bismuthiol I), (Koch-
Light) was used without further purification. Potassium 
borohydride and metal chlorides (BDH) were used as received. 
Dimethylformaraide (E.Merck) was dehydrated before 
distillation by keeping over anhydrous sodium carbonate for 
about two days. 
Preparation of the potassiura bis(bisinuthiol-I-yl)borate, 
The synthesis of bis(bismuthiol-I-yl)borate, a 1:2 
mixture of KBH.(0.20g, 3.70 mmol) and bismuthiol-I 
(1.12g, 7.40 mnol ) in dimethylf ormamide ( ^50 ml) wa?; 
refluxed for about 15 hours. The reaction mixture after 
cooling to room temperature yielded a colourless solid which 
was filtered, washed and dried under vacuum. 
Decomposition temperature 210°C^ Yield 5 6%. 
Preparation of the conplexes 
The ligand solution was prepared by adding to the 
above cooled reaction mixture in (^30 ml) ethanol and then 
refluxing it for additional half an hour. Fresh ligand 
solution was prepared for the synthesis of individual metal 
complexes. 
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Tris[bis(bismuthiol-I-yl)borate] chromium(III), 
[Cr(C^N4SgB)3] 
Ov/ing to the insoluble nature of anhydrous 
chromium(III) chloride, the soluble chromium chloride: 
tetrahydrofuran adduct CrCl^: 3THF which was prepared by 
refluxing CrCl-..6H^0 in THF v/ith thionyl chloride was used. 
Its solution in ethanol (1.40 mmol) vra s mixed with the 
ligand solution (4.20 mmol) with constant stirring. A Grey 
ppt. immediately appeared which was digested on a water b?t-h 
for about an hour. The solid compound was filtered, washed 
and vacuum dried. 
Decomposition temperature 230"C, Yield 58%. 
Bis[bis(bismuthiol-I-yl)borato] nanganese(II), 
A solution manganese(II) chloride (1.40 mmol) was 
slowly added with stirring to a solution of the ligand 
(2.80 mmol). The precipitate which appeared instantaneously 
was digested on a water bath for sometimes and then 
filtered, washed with dry ether and vacuum dried. 
Decomposition temperature 215°C, Yield 65%. 
Tris[bis(bismuthiol-I-yl)borate] iron(lll), 
For preparing the above complex, an aqueous solution 
of iron(III) chloride (1.40 mmol) and the ligand solution 
137 
(4,20 mmol) were mixed together \;ith constant stirring. The 
dark brov/n complex v/hich precipitated was digested on a 
water bath for about an hour. The solid cctnpound \;as 
filtered, washed with vi/arm alcohol and finally vacuura dried. 
Decomposition temperature 205°C, Yield 59%. 
Bis[bis(biGmuthiol-I-yl)borato] cobalt(II), 
[CoCC^N^SgB)^] 
A solution of the ligand (2.80 mntDl) vra s added to a 
solution of cobalt(II) chloride (1.40 mmol) in water with 
vigorous stirring. After digesting on a water bath for 
about an hour, a greenish yellov; precipitate was isolated by 
filtration. It \7as repeatedly washed with a mixture of 
ethanol and chloroform and dried in vacuo. 
Decomposition temperature 195°C, Yield 62%. 
Bis[bis(bismuthiol-I-yl)borato] nickel(II), 
An aqueous solution of nickel(I I) chloride (1.40 mmol) 
v;as mixed with the ligand solution (2.80 mmol) with 
continuous stirring. The resulting solid v/a s filtered, 
washed and finally dried in vacuo. 
Decomposition temperature 200oc, Yield 68%. 
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Bis[bis(bisnuthiol-I-yl)borato] copper(II), 
[CuCC^N^SgB)^] 
Equimolar solution of copper(II) chloride (1.40 mmol) 
and the ligand (2.80 mmol) were mixed together and heated on 
a water bath for about an hour. A light yellow compound 
which appeared was worked up as described earlier. 
Decomposition temperature 225°C, Yield 7 0%. 
Bis[bis(bisniuthiol-I-yl)borate] zincdl) , 
[Zn(C^N4SgB)2] 
An aqueous solution 1.40 mmol of zinc(II) chloride and 
the ligand solution (2.80 mmol) were mixed together and this 
solution was heated on a water bath for about two hours. A 
v/hite solid appeared which was filtered after cooling the 
solution. This was washed an dried. 
Decomposition temperature 20°C, Yield 71%. 
Analyses and physical measurements 
Metals estimation were done employing standard 
procedure (113). Microanalysis of carbon, hydrogen and 
nitrogen were carried out with a Thomas and Coleman 
analyser. Carlo Erba 1106. The estimation of sulphur was 
done gravimetrically (111). The infrared spectra 
(4000-200 cm ) were recorded on a Perkin-Elmer 621 
spectrophotometer. Magnetic susceptibility was measured on 
a vibrating sample magnetometer model 15 5. 
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RESULTS AND DISCUSSION 
The analytical data, colour and decompositicn 
temperature of the complexes are summarized in Table 37. 
The results of analyses agree fairly well with the proposed 
stoichiometries. None of the complexes is soluble m usual 
organic solvent hence their molecular weight and nolar 
conductance values could not be measured. 
Of the two tautomeric forms (Fig. 20) bismuthiol I 
exists predomenantly in the thiono form 
N. •N 
HS SH 
(Mercapto) 
(FIG.20) 
The infrared spectrum of bis(bismuthiol-I-yl)borate 
(Table 38) doe.n not show any band in the 3 300-2900 cm""'' 
region indicating the absence of N-H bond. Since there is 
no significant change in the C-S and C=S stretchmq 
frequencies the ligand is in the thiono form even after 
complexation (136). However, the C-N absorption bands m 
the ligand at 1290 cm" (41) are shifted to lower 
frequencies in all the complexes presumably due to an 
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association of the ligand molecules in the solid phase, 
which on complexation, are dissociated causing it to appear 
at a lower frequency. A new strong band at about 1380 cm 
is due to the i)B-N (100). 
In the far i.r. spectra of the complexes there is a 
new band of medium intensity in 370-410 cm range which is 
absent in the free ligand is assigned to M-N stretchinc 
frequency (137) suggesting coordination of the metal through 
the nitrogen atom of the bismuthiol I. 
Magnetic susceptibility and electronic spectra 
In order to obtain information about the mode of 
coordination of the ligand around the metal ions and their 
ligand field strength, the magnetic moment of the complexes 
was measured and their reflectance spectra taken (Table 39). 
The observed magnetic moment (3.61 B.M.) for the 
Cr(III) complex Ls slightly less than the expected value for 
an octahedral geometry. The spectral bands at 23,809 and 
16,129 cm may reasonably be assigned to 
T (F) < ^A (F) and "^ T^ ^ (F) < ^A^ (F) transitions, 
-i-g /.g z g 2g 
respectively. These are the characteristics of an 
octahedral array of ligands around Cr(III) ion (138). 
The magnetic moment for square planar Mn(II) ion in 
spin free state is expected to be 5.92 B.n. while for spin 
paired configuration it ranges from 1.73 - 2.20 B.fl. The 
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m a g n e t i c moraent of 4 .90 B.ri. in t h e p r e s e n t c a s e J S 
i n t e r m e d i a t e betv/een s p i n f r e e and s p i n p a i r e d noraents which 
raay be due t o p a r t i a l s p i n p a i r i n g a s h a s a l s o been observed 
i n t h e manganous p t h a l o c y a n i n e complex ( 1 3 9 ) . The 
r e f l e c t a n c e spec t rum of t h e f l n d l ) complex in t h i s CCGC 
shows c h a r g e t r a n s f e r bands a t 40 ,816 and 31.250 cm . The 
band a t 22 ,727 cm i s c h a r a c t e r i s t i c of a s q u a r e p l a n a r 
4 2 2 1 Mn(I I ) ion \ / ihh t he ground te rm A, (b^ e a, ) . 
^ Ig 2g, g, Ig 
R e f l e c t a n c e spec t rum of F e ( I I I ) complex shows t\;o 
a b s o r p t i o n bands a t 17 ,241 and 22 ,727 cm a s s i g n a b l e t o 
"^ T, (G) < A, and T,, (G) -* A, t r a n s i t i o n s , 
ig ig 2g Ig 
respectively, correspondinc to an octahedral Fe(III) 
ion (140). The magnetic moment value (5.83 B.i^'i.) is 
slightly less than that calculated (5.92 B.II.) for an 
octahedral, high spin Fe(III) ion. This deviation m 
iX. r:^ value is probably due to antiferromagnetic effect. 
A high spin square planar Co(II) ion is very 
rare (141), v;hereas the lov/ spin square planar Co (II) 
complex is common having yu JZC value between 2.1 - 2.8 B.ri. 
The rL ^ _ value of 2.75 B.ri. and the charge transfer band at 
28,000 cm (v/ithcut the presence of any other band) alco 
suggest to a iov/ spin square planar Co(II) complex (142). 
The reflectance spectrum of the Ni(II) complex sho\;s 
no bands below 14,000 cm" . Two bands at 16.129 and 
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22,727 cm are assigned to A^ •<; A, and 
^ 2g Ig 
B, -4^  A, transitions, respectively. The presence of 
the above band and absence of any other band below 
14,000 cm are characteristics of the Ni(II) in square 
planar environment. The magnetic moment value of 2.07 B.i'i. 
also support a square planar geometry of Ni(II) ion (143). 
A square planar structure is proposed for the Cu(II) 
complex which is supported by the presence of a v/eak band at 
-1 2 2 12,658 cm attributable to a T^ < E transition and 2g g 
the magnetic moment value (1.74 B.M.) (144) . 
C H A P T E R - VIII 
Synthesis of Potassium Bis{catecholyl)Borate 
Anion and its Chelating Properties Towards Few 
Transition Metal Ions. 
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EXPERIMENTAL 
Starting Materials 
Catechol and potassium borohydride (BDH) v/ere used as 
recieved. Cr(III), Frndl), Fe(III), Co(II), Ni(II). Cu(II) 
and Zn(II) chlorides (BDH) were recrystallised. 
Dimethylfornamide (E.flerck) was redistilled before use. 
Preparation of the potassium bis(catecholyl)borate, 
A mixture of potassium borohydride (0.21g, 3.75 mmol) 
and catechol (Z.Og, 7.51 mmol) in dimethyliormanidG 
( ^  60 ml) was refluxed for about 12 hours at controlled 
temperature. The reaction proceeded instantaneously v;ith 
the evolution of hydrogen gas v/hich was collected over 
water. The amount of the gas collected was nearly equal to 
the calculated quantity of hydrogen. Refluxing v;as 
continued till the gas ceased to evolve. The solution after 
cooling yielded a grey solid which was filtered v/ashed 
repeatedly and dried in vacuo. 
Decomposition temperature 185°C, Yield 85%. 
Preparation of the complexes 
The complexation was carried out by treating the above 
cooled reaction mixture with an aqueous solution of the 
appropriate metal ion. Fresh ligand solution v;as used for 
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each complexation. 
Bis[bis (catccholyl)borate] chroiniura( III) , 
To a solution of 6.76 mrnol of 1 igand in --.50 nl of 
othanol was added chronium(III) chloride solution 
(3.38 mmol). The resulting mixture on stirring for about 7 
hours gave brovm solid produce which was filtered and dried 
in vacuo. Deconposition temperature 195°C, Yield 70%. 
Bis (catGcholyl)borate manganesedl) , 
An aqueous solution 3.38 rnnol of manganese {x i.) 
chloride (--^4 0 m L) and the 1 igand solution (3.38 mmol) \/ere 
mixed together and this solution v/as stirred for about 
6 hours. A light brov/n solid appeared which was filtered 
after cooling the solution. This v;as v/a shed and dried. 
Decomposition temperature IBO^C, Yield 80%. 
Bis[bis(catecholyl)borate] iron(III), 
[Fe(Cj^2H8°4®^2^^^ 
A mixture of 6.76 mmol ligand solution and 3.38 mmol 
of iron (III) chloride was stirred in ->50 ml of ethanol 
until the solid was precipitated. The precipitate v;as 
isolated by moans of filtration and dried as usual. 
Decomposition temperature 190°C, Yield 68%. 
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Bis(catecholyl)borate cobalt(II), 
[Co(C^2"8°4^^*^^^ 
A solution of bis(catecholyl)borate (3.38 mmol) ana 
cobalt(TI) chloride (3.38 mmol) was stirred for about 
6 hours. The dark brown solid obtained after filtration v/as 
vacuum dried. Decomposition temperature 202°C, Yield 68%. 
Bis(catecholyl)borate nickel(II), 
[Ni(C^ 2^ 8^°4^ ^^ -'^ ^ 
An aqueous solution (3.38 mmol) of nickel(II) chloriac 
( -^30 ml) was treated v;ith the ligand solution (3.38 mmol). 
The mixture was stirred for about 7 hours. The solid thus 
obtained separated out which was worked up as describe 
above. Decomposition temperature 2 02°C, Yield 68%. 
Bis(catecholyl)borato copper(II), 
[Cu(C-^ 2H8°4^ *^^ -'^ ^ 
Bis(catecholyl)borate (3.38 mmol) was added to a 
solution of 3.38 mmol of copper(II) chloride in ^50 ml of 
ethanol and the mixture \;as stirred for about 6 hours and 
the solid product \;as then filtered, washed and dried-
Decomposition temperature 2 09°C, Yield 7 2%. 
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Bis(catecholyl)borato zinc(II), 
The ligand solution (3.38 mmol) and zinc(II) chloride 
solution (3.38 ramol) in ethanol ( ^50 ml) were nixed 
together and stirred for about 7 hours. A solid complex 
appeared which was then filtered off, washed with dry ether 
and finally vacuum dried. Decomposition temperature 195°C, 
Yield 64%, 
Analyses and physical measuroniGnts 
rietals were determined by standard procedure (113). 
Carbon and hydrogen analyses were carried out with a Thomas 
and Coleman analyser, Carlo Erba 1106. Infrared spectra 
(4 000-2 00 cm ) of the compounds were recorded on a 
Perkin-Elmer 621 spectrophotometer. Magnetic 
susceptibilities v;ere measured on a vibrating sample 
magnetometer model 155. Diffuse reflectance spectra of 
powdered solids v/ere obtained relative to a magnesium oxide 
standard on a Carl-Zeiss VSU-2P spectrophotometer. 
150 
RESULTS AND DISCUSSION 
Potassium borohydride was reacted with catechol in a 
1:2 stoichiometric ratio. The formation of the 
bis(catecholyl)borate anion requires the removal of hydrogen 
atom of the catechol molecule together with the four 
hydrogen atom Crom potassium borohydride. The progress of 
the reaction was followed by measuring the volume of the 
hydrogen gas evolved. The colour, decomposition 
temperature, % yield and analytical data which agreed with 
the stoichiometries of the ligand and its metal complexes 
are listed in Table 40. The probable structure of the 
ligand is shov/n in fig. 21. 
k* 
^ : 
B O 
(FIG.21) 
The I.R. spectrum (Table 41) does not sh ow any 
absorption band in the region 3200-3400 cm~'^  (105), 
indicating the absence of the V(O-H). The presence of the 
now B-0 bond (106) is demonstrated by the appearance of an 
intense infrared spectral band at 1350-1310 cm""'". The shift 
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of the D~0 vibration to lower frequency in the complexes 
suggest that there is overlap into the vacant boron 
p -orbitals ol the 7C-electrons of the phenyl nucleus 
' z 
a ttached to boron. The absence of a B-H band in the region 
2300-2450 cm" in the i.r. spectrum of the ligand further 
suggests that all the four hydrogen atoms of potassiun 
borohydride have been replaced. In bis(catecholyl)boratG 
V(B-O-C) (aromatic) appears as a strong band at 
1450 cm' (145). A band of medium intensity appears at 
1245-1220 cm" , v/hich may tentatively be assigned to the 
C-0 stretching frequency (146). The lowering of •^(C-O) m 
_ i 
the complexes by 25 cm is probably due to the strong -I 
effect of the catecholate group. 
Direct information about the nature of the 
metal-ligand bond is provided by the metal-ligand vibration 
in the low frequency region. The far infrared spectra sho\/s 
bands assigned to the metal-oxygen (147) and metal-chloride 
stretching frequencies (148) in the region 375-340 cm and 
285-220 cm respectively. 
The insolubility of all these complexes in common 
organic solvents and high decomposition temperature suggest 
polymerization. For information about the mode of 
coordination around the metal ions and ligand field strength 
of the ligand, the magnetic moment and reflectance spectra 
of the solid compounds v;ere obtained. The /^eff. ^^i^es. 
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electronic band maxima, their possible assignments and 
calculated values of the ligand field parameters are listed 
in Table 42. 
Magnetic susceptibility and electronic spectra 
The observed magnetic moment (3.51 B.M.) of the 
Cr(III) complex is much belov^ r the expected value for an 
octahedral geometry (138). The electronic spectrun 
(Table 42) exhibits bands at 23,255 and 16,666 cm which may 
4 ^ 
reaconably be assigned to ^^ (F) < \^2CT^^^ "^^ * 
4rp (p) ^  7^^  (p) transitions, respectively, characteristic 
2g 2g 
of an octahedral array of ligand around the metal ion. 
It is knovm that Mn(II) ion in a tetrahedrally 
coordinated environment has a magnetic moment value of 
5.92 B.M. at room temperature. The ylLgff value of 
tin (catecholyl )borate complex (5.73 B.M.) is as expected for 
a tetrahedrally coordinated Mn(II) ion (149). '^ he 
electronic transition with the A, as the ground term for 
Iln(TI) ion is spin forbidden, and this transition becomes 
too weak to be observed. When the Mn(II) ion assumes an 
octahedral configuration, the above band is seldom observed 
but in tetrahedral environment it often appears as a v;eak 
band. The magnetic moment value of Mn(II) complex 
(5.73 B.M.) and the \;eak electronic band at 19,417 cm""^  
assigned to 'T^ (G) < ^A^ are consistent with a tetrahedral 
geometry for Mndl) ion. 
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All the Gloctronic transitions expected for the high 
spin Fe(lII) ion are spin-Lapporte forbidden resulting m 
the occurrence of ueak bands. Some of the bands are alv/eys 
confused with the charge transition bands which begin to 
appear from the lower energy region. Hov/ever, in this case. 
a band observed at 27,027 cm has been assigned to 
^T^ (G) <: h-, transition. An appreciably strong band 
2g ig 
at 40,816 cm" with a weak band at 30,303 cm" is ascribed 
to charge transfer. The room temperature magnetic moment 
value of 5.83 li.M. in this case is a little less than the 
calculated value for Fe(III) ion in the high spin state. 
The small decrease in the JiJL.pr value may be due to slight 
antiferromagnetic effect. This magnetic moment value and 
the characteristic reflectance spectral bands support an 
octahedral environment for the Fe(lII) ion (150). 
The magnetic moment value (4.06 B.Il.) for Co(II) 
complex is less than the octahedral AJL ^^ value of 
/^ ef f. 
4.7 - 5.2 B.ri. This value may be supposed to be a little 
less than the tetrahedral magnetic moment value of 
4.2 - 4.8 B.n. with the A^ ground term. The electronic 
spectral bands at 16,130 and 13,513 cm"""- assigned to 
T^(P) < 'A^ and ^^ T^ (F) < ^A^ are in support of 
the tetrahedral geometry of the Co(II) ion (151, 152). 
The Ni(ll) complex shows a magnetic moment value of 
3.12 B.n. characteristics of a tetrahedral geometry. The 
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electronic spectrum shows intense charge transfer band at 
40,816 cm . Only one band is observed in the electronic 
spectrum at 16,129 cm . It is assigned to 
3 3 
T, (P) < T, (F) and supports a tetrahedral geometry for 
the Ni(II) ion (153). 
The electronic spectrum of the Cu(II) complex displays 
two d-d transitions at 15,267 and 22,222 cm . These 
spectral bands may be assigned to the transitions 
2 2 2 2 
A, < B, and E <. B, respectively indicating 
ig ig g ig ^ ^ 
square planar configuration which is also in confirmity with 
itsmagnetic m - lent value (1.82 B.n.) (154, 155). The higher 
energy band occurring above 35,000 cm are assigned to 
charge transfer. The value of the X has been taken to 
^ 'max. 
be equal' to lODq. 
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iransition metal complexes of potassium dihydridobis-, 
hydridotris- and tetrakis-(thiophenolyl)borate anions 
Saiyid Altai) Ahmad /a idi*, Molid. Akhlar Zaiioor and Kliwaja Salaiiiiddiii Siddiqi 
Drpunnii'iu iilClh'Diisirv. MiiHirh Muslim University. Aliiiarh-202002. India 
Suininar) 
The three new poienual ehelating ligands dihydridobis-, 
hydridotris- and teirakis-(thiophenolyl)borate anions, 
and their chehites with hrst row transition metals have 
been synthesised. I'he di\alent and tri\alent metal ions 
form eoniplexes in 1:2 and 1:3 (melal:ligaiKi) ratios 
respeeti\el\ The luimhei ol liuands coordinatetl 
eorrespond tn the luinibcr of anions replaeed in the metal 
salts. The compounds were characterized b\ elemental 
anahsis, i.r. spectra, magnetic sLisceptibiht\ measure-
ments and electronic spectral studies. The Cr'" and be'" 
comple.xes of dihydridobis and hydridotns-(thiophe-
nolyDborates appear to be octahedral, and those of C'li" 
are proposed to be square planar. Tetrahedral geometry 
IS suggested lor the Mn". Co" and Ni" complexes. The 
tetrakis-(thiophenolyl)borate yielded octahedral com-
plexes with all the metal ions except for Cu" which is 
square planar. The ligand field parameters lODq, B and 
ji have also been calcLilated wherever possible. The 
ligands ma\ be placed in the \icinity of ED'i'A in the 
nephclauxetic series. 
Introduction 
Boron attached to nitrogen heterocycles yields no\el 
ligands which occupy a unique position in the group of 
organoborate ligands. Such ligands containing the 13 N 
bond have been extensi\el\ studied'". Recently some new-
compounds containing B ,S bitnds have been reported 
and their ph\sieal properties and crystal structLires 
imestigated' ' " Since the interaction of BH^ with 
nitrogen heterocyclic ligands quite easih yields com-
pounds in which the bi>ron atom is attached to the 
riilrogen it was considered worthwhile to try io obtain 
l:)oron-sulphur bonded compounds b\ treating BH^ "^  with 
tiiiophenol and to stud\ the interactions of the products 
with transition metals. 
Results and discussion 
'J'he ligands were prepared according to the following 
reactions: 
KBH^ + n P h S H - — . K |H,^ ,„B(SPh)„] - f n l k 
appearing 111 the region 980 970cm ' has been assigned 
to the B S stretching frequency*'^' which is absent in 
the free Ihiophenol. The \'(B II) appears in the 
2410 2390cm ' region"". The C - S absorption band' ' 
in the range 705 685cm ' in the free ligand shows onl\ 
a negligible negative shift on eomplexation, probahl\ ilue 
to delocali/ation of electrons over the entire system. The 
metal sulphur"^' stretching frequency has been locatetl as 
a weak absorption band in the region of 380 350cm ' 
Complexes of the dihydridobis( iliiopheiiolyl jhoniie 
anion 
The magnetic moments observed for the chromium!111) 
and ironflll) complexes are within the expected range for 
octahedral geometry (Figure 2) for these ions''". The 
electronic spectrum (Table 2) of the chromium(lil) 
complex exhibits weak bands at 23260 and 16666cm ' 
which may reasonably be assigned to •*7',„(F)<~'^.•l ;,,(F) 
and ''721/(1")'^ ^•''':<;tf) transitions, respectively. Likewise, 
the iron(iii) complex exhibits two well resolved bands at 
23255 and 20202em^ ' characteristic of an octahedral 
array of ligands around the metal. The magnetic moment 
of 5.84 BM alsc) indicates that it is a high spin complex 
The magnetic moments observed for the eobalt(ll) and 
nickel(ll) complexes indicate a tetrahedral geomelrs ' '" ' . 
In the case of the manganese(II) complex the magnetic 
moment value is the same for both the tetrahedral and 
octahedral geometries. F"urthermore. the electronic 
spectrum consists of bands arising out of spin forbidden 
transitions which would have the same ground state 
term, ''.'l, for both the octahedral and tetrahedral 
geometries. However, by a comparison of the band 
positions to those for manganese(Il) reported earlier" '', 
a tetrahedral geometry may be assigned to this complex. 
it is difllcult to distinguish between a square planar 
and a tetrahedral geometry for the copper(li) ion on the 
basis of d d transitions alone, as these will occur in the 
same region for both geometries. The magnetic moment 
value of 1.81 BM and the electronic spectrum indicate a 
square planar structure for the copper(I]) complex 
(Figure 3l, as has also been found in the crystal structure 
of the dimeric hydroxamate complex of copper(ll)""' . 
However, a distortion in the anticipated square planar 
geometry for this complex cannot be ruled out. 
The results ol elemenlal analyses and other physical 
measurements are listed m Table 1. These agree well with 
the proposed composiiioii oi the compiiunds. The 
probable structure of these ligaiuls is shown in Figure 1. 
The i.r. spectra of the organoborates do not show any 
absorption m the 2600 2.s()()cm ' region, which would 
be characteristic of v(S H)'^' However, a new band 
* .AiUhor III whom all curicspoiRlL'iicc should be tiircclcil. 
Complexes of the hydridotris( thiophenolyl jhorate 
aniini 
The analytical data for these complexes are given m 
Table 3. In the case of the chromium(iii) and iron(lll) 
complexes the observed magnetic moments are quite 
close to the calculated values for an octahedral geomctrv 
with an ,4 ground term''^'. 
The magnetic moment value of 5.68 BM lor ihc 
manganescHII) complex is slightly less than that required 
for five unpaired electrons in tetrahedral ueometrv. "fhe 
034(1 42S.S ydSd.vlHl - i ; ( 1990 Chapman and Hall l.kl 
S. A. A. Za id i . M A Z a h o o r a n d K S. Siddiqi 
Table 1. C"(iloui. clL•n)Inpo^lllull icnipcialuu-, "„ \icld .iiui aiui 
Compounds 
K - ( f , , H , , S , B l 
C'r(C' , H , , S ; B l , 
Mn(C , ; H , , S , B l . . 
F e ( C , , H , : S ; B ) 3 
C o ( C ' , , H , ; S , B | , 
N i ( C , . H , ; S , B ) , 
C u ( C , , H , , S : B ) , 
K * ( C , „ H , „ S , B ) 
r r t C , „ H , „ S , B | , 
Mn(C- , ,H ,„S ,Bl , 
F e ( C , , H , , S , B l , 
C o ( C , « H , , S , B ) , 
N i ( C , s H , „ S , B i , 
C u ( C , „ H , , S , B ) , 
KMC,4H,„S4B) 
MnlCj^H^i.S^Bl; 
F-e(C,4H:„S4B), 
C 0 ( C \ J i ; „ S 4 B ) ; 
N i (C \4H,„S ,Bh 
C-u(C,4H,„S4B|, 
Tnmsilion Met. Chcm., 15, 231 23M1990) 
V1K:II dal.i of tin.' complexes. 
C'olour 
(. olourlcss 
C) I c \ 
I'lnk 
Brow 11 
Pmk 
Green 
Blue 
Colourless 
Gre\ 
Pnik 
Bioun 
Puik 
G recti 
Blue 
Colourless 
C}re\ 
Pmk 
Brou n 
Pmk 
Green 
Blue 
Decomposition 
temperature 
( C) 
2h5 
281) 
270 
2K2 
290 
285 
275 
295 
280 
290 
285 
288 
290 
285 
300 
285 
290 
295 
286 
292 
290 
Yield 
("„) 
61 
69 
71 
65 
67 
66 
68 
58 
64 
69 
67 
64 
66 
70 
55 
66 
69 
64 
62 
64 
68 
l 'Ound(C 
C 
53 0 
(5.13) 
58.0 
(58 0) 
55.6 
(55.7) 
57.5 
(57.7) 
55.4 
(55.3) 
55.2 
(55.3) 
54.8 
(54.8) 
57.0 
(57.0) 
60.5 
(60.6) 
59.0 
(59.0) 
60.3 
(60.4) 
58.5 
(58.6) 
58.5 
(58.6) 
58.3 
(58.2) 
59.0 
(59.3) 
62.3 
(62,0) 
60.5 
(60.7) 
61.7 
(61.8) 
60.6 
(60.4) 
60.4 
(60.5) 
60.0 
(60.0) 
ilcd.)",, 
H 
4.3 
(4.4) 
4.7 
(4.8) 
4.6 
(4.6) 
4,7 
(4.8) 
6.8 
(7.0) 
6.9 
(7.0) 
6.7 
(6.8) 
4,2 
(4.2) 
4.4 
(4.5) 
4.2 
(4.3) 
4.5 
(4.5) 
4,2 
(4.3) 
4.4 
(4.3) 
4.2 
(4.3) 
4.0 
(4.0) 
4.2 
(4.3) 
4.0 
(4.2) 
4.4 
(4.3) 
4.0 
(4.2) 
4.0 
(4.2) 
4.2 
(4.2) 
.S 
23.6 
(23.7) 
25 6 
(25.8) 
24 6 
(24.7) 
25 7 
(25 6) 
24 4 
(24 6) 
24 5 
(24.6) 
24.2 
(24.3) 
25,3 
(25.4) 
26.9 
(26.8) 
26.0 
(26.0) 
26.7 
(26.8) 
26.2 
(26.0) 
26.0 
(26.0) 
25.7 
(25.9) 
26.2 
(26.3) 
27.6 
(27.6) 
26.8 
(27.0) 
27.4 
(27.5) 
26.7 
(26.8) 
26.9 
(26.8) 
26.6 
(26.7) 
.\1 
6 8 
|7 0) 
10 5 
(10 6) 
74 
(^.5) 
11 3 
1113) 
11 3 
111 2) 
12.0 
(12.1) 
4 S 
(4.8) 
7.6 
(7.5) 
5.2 
(5.21 
8.0 
18.0) 
7.8 
(8.0) 
8.4 
(8 6) 
3.6 
(3.7) 
5.6 
(5.8) 
4 0 
(4 0) 
6 0 
(6.2) 
6.0 
16 2) 
67 
(6.6) 
magnetic moment value of the cobalt(Il) complex 
(4.58 BM) indicates a quartet state (S = 3'2), which may 
be obtained in a weak field octahedral configuration or 
in a tetrahedral configuration"^'. The magnetic moment 
cherefore cannot be used to distinguish between 
tetrahedral or octahedral configuration. The JX^K value, 
however, lies close to that expected for tetrahedral 
K* 
L : 
Kifjure 1. General sirucluie of the ligand salt X = II or I, 
geometry"'*'. The observed band at 16260cm ' in the 
electronic spectrum of the nickel(l[) complex is due to 
the ^Ti{P)^^Ti{F) transition, characteristic of a 
tetrahedral structure. 
For the copper(II) complex, the weak bands observed 
at 17240 and 16129 cm"'' assigned to ^Si,-^"^!,/ '^rid 
^Aj^*~ ^i?,^ transitions, with a weak hump at 12195 cm '. 
are characteristic of square planar geometry for the d" 
system"". 
Complexes of the tetrakis( thiophenolyljhorate 
anion 
All these complexes of the type [M(L4)„J (where n -= 2. 
3) were insoluble in the usual organic solvents, 
consequently, the molecular weight and molar conduc-
tance values could not be determined. The high 
decomposition temperatures may be due to a polymeric 
nature for the complexes. 
The tetrakis ligand .seems to be analogous to the 
Tnmsinon \lci Chcni, 15. 2}l 2"iS(1990) Compluxes of tliiophcnol\l borates Z''-
Table 2. M.igncuc sus^cpiibilaies clc^lroniL i(X-ctra and ligand field paiamelers of the complexes ol potaisium dihsdndobis 
(thiophcriol>ll borate 
( ( M i l l 
cm , 
M i n t 
I-e(C 
Co(C , 
\ i (C 
C ul( 
l c \ 
. 1 ) , S H) 
' . H i . ' ' . H I 
, H , , S , B l , 
, 1 1 , S lii 
, H S H] 
11 ,S Bi 
, 
ili M ) 
> SI) 
^ "S 
s S4 
4 "-1 
2^r 
1 M 
1 k v t i o n n . 
ba iK l sKin ' ) 
2 "(260 
l(i6(i(i 
: 4 I ( W 
: 1 s 16 
4 1 6 6 6 
2 i2 . s s 
20202 
40X16 
l > l s | 
4 U 7 S 
1(1194 
2^t)27 
22171 
1 ^ 2 6 ^ 
I 'osMble 
. isMynincii ts 
C T 
( T 
' / , ( P ) . •* 1,(1 ) 
( I 
' / , ( l ' l - ' / , ( i ) 
t T 
10 D q 
(cm ') 
16666 
HS79 
1384.1 
15267 
B 
(cm ' ) 
S25 
S4S 
921 
/>' 
0 7S 
O'^S 
0 S 6 
( T k h a l ' j L 11 l I l ^ 
H2B 8H2 
Figure 2. Pioposed ^IUlLtu!cs loi ilic t i'" and 1 e'" toniplexes 
of dihvdndobis(ihiophcnol\l)biir,ilc anion 
I'igurc.'^ . Pioposcd structuie of the C u" complex ol aih\ 
dridobis(thiophenolyl)boratc anion 
l a o i e j . M a g n e i i c M 
h ) d n d o i n s ( l h i o p h e i u ) 
C o m p l e x 
C r ( C , K H , „ S , B i , 
Mii(C , „ H | „ S , H ) , 
F e ( C , , f i , , S , B i , 
C o ( C , „ H , „ S , B i , 
N i ( C , , H , , . S , B | , 
C u ( C , , H , , S , B ) 
^tepl i t i i l i l ies 
\ l l b o i a l e 
" i l l 
( B M ) 
1 ^ 7 
^ (>s 
^ ss 
4 sy 
2 M 
1 9(1 
c l e e l i o m c spec t r a 
L l e c t i o n i e 
b a n d s 
4 1 6 6 6 
1S46I 
2M)00 
4()()0() 
2 4 6 1 s 
21719 
2114S 
KS0I8 
4 0 M 6 
2 | s l 9 
I,SS67 
4 1 6 6 6 
1 6260 
17^1s 
17240 
16129 
c m ' ) 
a n d l igand lield p a i a m c t c i s tor (hi 
Poss ib le 
a s s i g n m e n t s 
c r 
( 1 
" l . t C l - ' 1, 
' / , ( C , ) ^ ' 1, 
• ' / , „ ( G ) ^ " l ,„ 
( f 
•* 1 , 11 ) ^ ^ / , 1 i ) 
CI 
' 1 liPh ' / , ( ! ) 
C T 
' « . . - ' « i , 
' 1 , „ - - ' « , „ 
l O D q 
(cm ' ) 
17297 
14336 
10763 
1219s 
• c o m p l e x e s o 
B 
(em ' 1 
960 
923 
<S9" 
pot.issiiini 
/' 
0 92 
( ) s l 
t T - thdriic ifdiislc'r 
?34 S. A. A. Zaidi, M. A, Zahoor and K. S. Siddiqi Transition Mel. Chem., 15, 231 235 (1990) 
hydridolns ligaiid in ils cot)ixiiiiaimj; behavn)ur. ll has 
been obser\ed that ilie iclrakis ligand differs fiDni liie 
d:hydridt)bis and hvdiidotris ligand in that the foinier 
gives octahedral and square planar complexes whereas 
the lalier luo Mciii oclahedral geometries, as well as 
tetrahedial and squaic planai 
1 he niagnetiL inonicnl \alue and electronic spectra 
(Table 4) of the chromium(lll). manganese(ll), iroii(lll). 
eobalt(li) and niekel(ll) complexes clearly indicate an 
oclahedral geomeirx'" "" A square planar structure is 
proposed for the copperlll) complex 
The nephelauxeiic parameter /i evaluated for some of 
these complexes suggests a low degree of covalency, and 
the ligand ma\ be placetl in the vicinity of FDT'A in the 
nephelauxetie scries'' ' 
Experimental 
Maturiah and inei/uni^ 
Thiophenol (Fluka. ACj). metal salts (BDH, AnalaR) and 
potassium borohvdnde (BDH) were commercially pure 
samples and were used as received. Dimethyl formamide 
(DMF. F. Merck) was dried over KOH and vacuum 
distilled 
Foia.sMiim ilihyilnJohi\( ihiophcnolyl)boni!e 
Potassium borohydride (0.20g, 3,70mmol) and thio-
phenol (0.761 ml. 7 4()mmol) were refluxed in dry DMF' 
( - 20 ml) for about 12 h. until 7.40 mmol of hydrogen gas 
had been evolved. This reaction mixture on cooling to 
room temperature yielded a colourless crystalline solid 
which wasllllcred. washed with drv F t . O and dried under 
Pota\snun hvilruloin.si thioplienolyl )horatc 
Potassium borohvdride (().20g, 3.70mmol) and thio-
phenol (1.14 ml. 1 1 lOmmol) were relluxed in dry IDMF 
(• -30ml) for 24 h, until l l . lOmmol hydrogen gas had 
been evolved. On cooling the contents a white crystalline 
solid separated out. This was filtered off, washed with 
FtOH and dried under reduced pressure at room 
temperature. 
PoUissiuin iL'lral<is( thiophcnolyl )baraie 
Potassium borohydride (0.20 g, 3.70 mmol) and thio-
phenol (1.52 ml, 14.78 mmol) were relluxed in drv 
D M F ( - 4 0 m ] ) for about 36h, until !4.78mmol ol 
hydrogen gas had been obtained. The mixture yielded a 
colourless crystalline solid on cooling. This was filtered 
off, washed with EtOH and dried under vacuum 
Frepiinition of the complexes 
The metal to ligand ratios of divalent and trivalent ions 
used were 1:2 (l .I2:2.24mmol) and I ;3 (1.12:3.36 mnioli 
respectively in each case. The hot ligand solution in 
aqueous D M F ( ~ 2 5 m l ) was added to an aqueous 
solution of metal salt, with continuous stirring, for about 
6- 7 hours. The solid complexes, which separated from 
the solution, were isolated by filtration, washed 
repeatedly with water and F tOH and finally dried under 
vacuum. 
Fhysual measurements 
The C, H analyses were carried out with a Thomas and 
Coleman analyser. Carlo Erba 1106. The estimation of 
S was done gravimetrically"**'. The metals were estimated 
by complexometric titration against HDTA"'*'. The i.r. 
spectra were recorded as nujol mull between KBr discs 
in the 4000 2 0 0 c m " ' region on a Perkin-F;imer 621 
grating spectrophotometer. The diffuse reflectance spectra 
were recorded on a Carl Zeiss VSU-2P spectrophoto-
meter using MgO calibrant. Magnetic susceptibility 
measurements were done with a vibration sample 
magnetometer model 155 at room temperature. 
lable 4. Magnetic 
tetrakisdhiophcnol} 
Complex 
C r l C , J I , „ S , B ) , 
Mn(C- ,J i ,„ .S ,B) , 
Fe(C,^H,„S4B), 
C o ( C , J F „ S , H ) , 
Ni(C:Jl_-„S4Bl, 
Cu(C,4H,„S4B| , 
MISC 
,l)boi 
eptibiliiies. 
.lie 
f ' , i , 
(B M.) 
3 7S 
s S4 
5.Sy 
4 7h 
2 SV 
) S7 
electronic spectra 
Electronic 
bands! 
40816 
3f).V)3 
24096 
2.S625 
2477.S 
18822 
I8.SI8 
45454 
19267 
40000 
24390 
M705 
2941 1 
18857 
14925 
,em ' ') 
and ligand llekl par 
Possible 
assignments 
C\T-
^ 7 , „ ( P ) - ^ 1,„(1--) 
' • ' , „ l f ) - " t , „ ( l - ) 
' • / ' , „ ( ( } ) - " . • ! „ 
C.T. 
" / i , ( P ) - ' V , „ ( F ) 
•• 1,„(F)<- ^V,,(I-1 
C.T. 
" / | , ( > ' ) - ' - l : „ ( F ) 
' '•i„(f ) ^ ' ^ , ( F ) 
C.T. 
ameters for the 
lODq 
(cm ' ' ) 
17140 
9101 
15724 
10421 
9779 
complexes i 
B 
(cm " ' ) 
901 
980 
924 
956 
814 
)f polassuijii 
/'' 
OSS 
0 84 
0 92 
0 86 
()7<y 
t" T = c)iart;e iniuslei 
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